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This  Course  was  conducted  under  the  auspices  of  the  Aerospace  Medical  Panel  of  AGARD. 
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THE  MISSION  OF  AGARD 


The  minion  of  AGARD  U to  bring  together  the  leading  personalities  of  the  NATO  nations  in  the  fields  of 
science  and  technology  relating  to  aerospace  for  the  following  purposes: 

- Exchanging  of  scientific  and  technical  information; 

- Continuously  stimulating  advances  in  the  aerospace  sciences  relevant  to  strengthening  the  common  defence 
posture; 

- Improving  the  co-operation  among  member  nations  in  aerospace  research  and  development; 

- Providing  scientific  and  technical  advice  and  assistance  to  the  North  Atlantic  Military  Committee  in  the 
field  of  aerospace  research  and  development; 


- Rendering  scientific  and  technical  assistance,  as  requested,  to  other  NATO  bodies  and  to  member  nations 
in  connection  with  research  and  development  problems  In  the  aerospace  field; 

- Providing  assistance  to  member  nations  for  the  purpose  of  increasing  their  scientific  tnd  technical  potential; 

- Recommending  effective  ways  for  the  member  nations  to  use  their  research  and  development  capabilities 
for  the  common  benefit  of  the  NATO  community. 


The  highest  authority  within  AGARD  is  the  National  Delegates  Beard  consisting  of  officially  appointed  senior 
representatives  from  each  member  nation.  The  mission  of  AGARD  is  carried  out  through  the  Panels  which  are 
composed  of  experts  appointed  by  the  National  Delegates,  the  Consultant  and  Exchange  Program  and  the  Aerospace 
Applications  Studies  Program.  The  results  of  AGARD  work  are  reported  to  the  member  nations  and  the  NATO 
Authorities  through  the  AGARD  series  of  publications  of  which  this  is  one. 
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Participation  in  AGARD  activities  is  by  Invitalici  only  and  is  normally  limited  to  citizens  of  the  NATO  nations. 


The  content  of  this  publication  has  been  reproduced 
directly  from  material  supplied  by  AGARD  or  the  authors. 
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During  June  1975  th*  fourth  Advanced  Operational  Aviation  Medicine  Court*  «u  h*ld  at  th*  Royal  Air 
fore*  Inatitute  of  Aviation  Mullein*,  f arnborough . kepreeentativr  a from  rln*  MATO  countriee  attended  th* 
course , and  thay  Included  doctor*  fro*  a* a,  land  and  air  force*. 

Th*  court*  covered  in  depth  tea*  aapecta  of  aviation  medicine  which  are  of  currant  concern  to  the 
•ff*ctiv*n**t  of  MATO  air  force*.  Th*  topic*  included  th*  training  of  aircrew  in  av.'atlon  medicine,  Mdical 
aapecta  of  naval  halicoptar  operation*  on  the  northern  flank  of  NATO,  development*  In  peraonal  equipment  with 
a pedal  reference  to  helaat  developaenta,  high  a peed  e a c ape  and  thermal  probleaa,  and  tha  use  of  hypnotic* 

In  air  op*ratlona.  Thaae  topica  were  of  apecial  lntareat  to  th*  Royal  Navy  and  Royal  Air  fore*. 

Rapraeantativas  vial  tad  tha  Royal  Naval  Air  Medicc.1  School  whara  thay  obaarved  currant  technique*  uaed 
in  training  for  reacue  from  hallccptera,  and  th*  Martin  Baker  Aircraft  Company  limited  for  daaonitratlona 
of  their  currant  aqulpaant  and  development  work. 

In  thla  publication  tha  lecturer*  have  prepared  paper*  which  it  i*  hoped  will  provide  useful  material 
for  th*  application  of  current  work  to  th*  need*  of  operational  alrorew. 

I would  like  to  acknowledge  tha  considerable  help  I received  free  tne  staff  of  the  Royal  Air  Force 
Institute  of  Aviation  Medicine  and  the  Royal  Mavel  Air  Medical  School,  and  In  particular  to  my  aaaiatant 
Mia*  Carol  Bryant  for  help  with  the  organisation  of  tha  ccurae  and  in  the  preparation  of  many  of  tha 
manuscripts. 


A N hiamCoon 
WjjX'&Mander 
"{Jours*  Director 
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BKUoorm  orxjukncHB  cm  t he  noktksxm 
rLANX  or  MATO 

by 

Surgeon  Lieutenant  Ctieaindar  A P staala-Parkina  RM 


INTRODUCTION 

Tha  general  requirement  of  tha  helicopter  support  of  tha  British  Naval  co— lttmant  to  tha  northern 
flank  of  MATO  la  tha  protaction  of  oaa  forcas.  Thla  involvaa  anti.-aiimarl.na  operations,  and  In  thia  rola 
tha  halloopter  haa  proved  highly  efficient.  It  haa  a fait  operational  raactlon,  and  with  aonar  and  radar 
it  poaaoiaaa  a good  tapabillty  for  tha  location  of  submarines.  Usually,  aavaral  hallcoptara  a ra 
opa rational  at  any  ona  time,  and  they  font  a protective  loreen  around  tha  force.  In  tha  Royal  Navy  tha 
Sea  King  helicopter  la  uaad  in  thla  rola.  An  additional  rola  for  tha  ha 11 cop tar  la  In  cxssmando  aaaault 
operation!.  Hallcoptara  ferry  troopa  and  equipment  to  and  fro*  ehipa,  and  provi-.V.  field  eupport.  Tha 
Meaaex  Mi  5 is  uaad  in  thle  rola.  It  can  carry  about  10  fully  equipped  soldier* . 

Tha  Halloopter  Environment.  Tha  usefulness  end  efficiency  of  tha  Saa  King  helicopter  is  such  that  it  la 
used  to  tta  full  potential.  A sortie  la  usually  of  4 hours,  and  many  factors  contribute  to  th'.  I.tigue  of 
eircrav.  The  most  important  era  noiaa,  vibration  and  general  discomfort.  Vibration  la  a problasi  In  all 
halloopter  operations,  but  rotor  blades  worn  by  tha  sslty  atmosphere  Increase  tha  problem.  Tha  aircraft 
la  noisy  because  tha  gear  box  Intrudes  Into  tha  cabin  and  there  la  vary  little  sound  proofing,  and,  though 
helmets  are  used  by  aircrew,  throat  microphone!  tend  to  transmit  soma  of  tha  noise . With  radios,  inter- 
communications and  sonar,  noise  may  be  a particularly  important  factor  in  aircrew  fatigue. 

The  crews  of  helicopters  often  operate  in  a cold  environment.  Electrical  heating  cf  the  extremities 
tends  to  combat  aerioud  discomfort,  but  the  crew  member  most  at  risk  is  the  sonar  operator  who  site  directly 
behind  tha  hole  in  tha  floor  through  which  the  sonar  transducer  travels. 

Operations . During  operations  rests  between  sorties  are  usually  reduced  by  briefing,  changing  and  eating 
while  sleep  may  be  impaired  by  the  pitching  and  rolling  of  the  ship  and  by  tha  high  noise  levels.  These 
factors  are  Important  and  contribute  significantly  to  the  fatigue  of  all  crews. 

Military  support  operations  often  Involve  mountainous  country , and  demand  high  levels  of  concentration. 
Such  operations  are  hasardoua  because  of  turbulence  and  draughts.  With  down  draughts  the  helicopter  Bay 
descend  with  full  power  being  applied,  and  knowledge  and  practice  of  the  techniques  of  mountain  flying  are 
impel tent.  There  is  also  a danger  of  disorientation.  It  is  easy  to  misinterpret  apparently  horizontal  cues 
end  to  ads  judge  heights.  The  'break-off  phenomenon  can  be  experienced  in  helicopter  flying  over  mountainous 
country.  Operations  over  snow  covered  land  can  be  particularly  hazardous,  as  it  is  difficult  to  judge 
height,  and  a radar  altimeter  is  essential.  The  re-circulation  of  snow  through  rotor  blades  when  close  to 
tha  ground  reduces  vision  (white-out)  and  safe  handling  of  the  helicopter  is  a skilled  operation. 

Survival.  An  additional  hazard  is  survival  in  tha  event  of  a crash.  In  the  Arctic  survival  can  be  a matter 
of  minutes  unless  the  crew  is  suitably  protected.  All  crews  have  a survival  pack,  and  this  contains  a 
single- man  life  raft  and  survival  aide.  With  a crash  into  the  sea  a helicopter  may  turn  over,  and  partially 
sink  before  the  crew  are  free.  Immersion  is  a serious  complication,  and  it  is  Important  that  the  dinghy  is 
uaad  ea  soon  as  possible.  A life  raft  with  an  inflatable  floor  end  a canopy  provides  good  protection  against 
chili.  Frequent  practice  drills  and  experience  of  the  behaviour  of  a sinking  helicopter  are  necessary  for 
aircrew  operating  over  the  sea. 
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Lieutenant  M J Blake  RN 
Inatltuta  of  Naval  Medlolns 
Alveratoke,  Gosport,  Waspahlrs 
United  Kingdom 


INTRODUCTION 


The  arctic  environment  haa  been  described  a a a dynamic  force  with  a powerful  and  often  violent  Influence 
on  tna  Ignorant  or  unwary.  Han  haa  learnt  to  live  and  work  in  the  Arctic  by  developing  clothing  and 
equipment  that  will  protect  him  from  the  coldi  but  military  experience  haa  shown  that  auccaaa  in  such  adverse 
conditions  dapenda  far  nore  upon  the  knowledge  of  how  to  behave  and  use  the  protective  equipment  available , 
than  it  does  upon  the  equipment  itaelf.  To  auxviva  successfully  in  the  Arctic  man  must  have  a working 
knowledge  of  the  climatic  conditions  and  anvircxuaantal  characteristics . Without  such  knowledge  It  la  unlikely 
that  ha  would  survive  should  he  ever  be  stranded,  In  the  open,  with  limited  resources.  Such  knowledge  la 
also  essential  for  aircrew  and  groundcraw  who  will  be  either  flying,  or  servicing  aircraft  and  ground 
equipment,  under  conditions  not  normally  encountered  whan  operating  In  more  temperate  climates. 

Environment 

Winter  in  Northern  Norway  lasts  from  October  to  April,  the  long  hours  of  darkenss,  heavy  arctic  clothing, 
the  cold,  and  heavy  snow  conditions  all  contribute  to  the  difficulties  and  markedly  lower  work  achievement. 
There  la  a reduction  in  mental  performance  and  a deterioration  In  the  ability  to  perform  manual  skills  to  the 
extent  that  the  majority  of  tasks  will  taka  qp  to  two  or  three  times  as  long  as  ' normal ' . The  ability  to 
fight  and  survive  under  such  extreme  conditions  comae  mainly  from  experience  and  training  in  that  particular 
environment  and  inprovesrenta  in  mantel  and  manual  performance  will  also  come  with  the  knowledge  of  how  to 
live  in  that  environment,  rather  than  by  attesting  to  fight  it. 

From  mid  Novnoebr  to  the  end  of  January  there  ie  a period  of  almost  complete  darkness  gradually  changing 
to  twilight,  until  in  February  the  sun  creeps  slowly  above  the  horizon.  The  climate  and  topography  differs 
greatly  from  area  to  area,  and  each  presents  their  own  particular  problems.  Only  4*  of  Norway  la  arable 
land,  the  remainder  being  24*  forest  and  70*  mountains  end  lakes.  The  coastline  la  long  with  deep  fjords 
and  the  interior  mountainous  and  slashed  with  deep  valleys.  The  north  of  the  country  lisa  in  the  Arctic  and 
Subarctic  rone  whilst  the  ramainder  of  the  country  is  In  the  so-called  Temperate  zone. 

In  the  North,  winter  temperatures  can  ba  expected  to  fluctuate  from  +6°C  to  -40°C  and  are  a strange 
mixture  of  Cold/Wet  and  Cold/Dry  conditions.  One  of  the  mist  striking  features,  and  very  difficult  to  deal 
with,  la  the  sharp  rise  and  fall  of  temperature  that  la  SMMStimss  encountered.  Variations  of  15°C  - 20  °C 
in  a twelve-hour  period  are  not  uncommon.  Cold/Wet  conditions  are  demoralizing  at  tha  beat  of  times  but 
whan  followed  a few  hours  later  by  freezing  conditions  they  are  almost  lspoesible. 

The  cooling  power  of  the  environment  le  significantly  increased  by  air  movement,  and  wlndchill  and  its 
effects  are  of  particular  interest  to  groundcraw,  as  a great  deal  of  thair  work  haa  to  be  carried  out  under 
the  downvash  of  the  rotor  blades.  This  dewnwaah  craates  wind-speeds  of  up  to  40  knots  which  in  turn  causes 
swirling  clouds  of  re-circulating  snow  to  penatrata  even  the  amallest  opening  in  a man's  outer  garments. 
Additionally,  aatolent  wind  speeds  of  5 - 20  knots  era  typical  for  tha  eras.  The  winds  from  the  North  and 
Bast  bring  very  dry  weather,  while  from  the  South  they  bring  subarctic  conditions.  Tha  South  Hester lisa 
generally  herald  a riae  in  temperature  and  frequently  bring  heavier  snow  falls. 

Tha  'Wlndchill  Index'  devised  by  Slple*  has  proven  to  ba  a vary  useful  means  of  determining  the  extent 
to  which  men  can  be  expoeed  to  oold.  Aa  you  k new,  the  'index'  is  read  from  a nomogram  of  the  variables, 
namely,  the  asfcient  temperature  and  tha  wind  apesd,  such  as  that  illustrated  at  Figure  1.  Tha  cooling  rats 
la  expressed  aa  Kcal/m2/hr  for  various  teaperaturas  and  wind  speeds,  with  tha  cooling  rata  based  upon  the 
naked  body  at  a neutral  skin  taiperature  of  33°C. 

2 

To  many,  the  "equivalent  chill  temperature"  will  be  more  meaningful  than  the  'wind-chill  index'  . 

The  graph  translates  the  co^rlned  effects  of  wind  and  tamparature  to  tha  equivalent  temparature  that 
would  causa  tha  same  rata  of  ooollng  of  human  flash,  under  calm  conditions.  Whilst  there  should  be  little 
danger,  for  Arctic  trained  personnel,  down  to  equivalent  temperatures  of  -29°c,  it  can  be  eean  from  Figure  2 
that  groundcraw  teams  working  under  tha  rotor  downwaah  will  be  working  in  extremely  stressful  conditions. 
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Grounder**  Task* 

nta  tolerance  of  w to  tha  cold  la  largely  dataxalnad  by  the  part*  of  hi  a body  which  ara  usually 
unprotected , such  aa  faoa  and  hands.  To  usa  tha  words  of  Burton  and  Idhole,  "no  raally  satisfactory  taoe- 
maak  for  tha  f motioning  soldier  has  baan  aval  labia  and  gloves  hava  often  to  be  raaovad  for  fin*  work"3. 
The  position  has  not  greatly  changed  a a far  aa  groundcrowt  ara  con c« mad,  and  a caraful  assessment  of  tha 
work  Involved  In  each  taak  la  nacaaaary  to  decide  not  only  what  tool*  ara  required,  but  also  what  shelter 
and  haating  may  be  necessary . Basically  groundcraw  tasks  can  be  divided  into  four  aain  catagorias. 

a.  Work  which  can  be  completed  by  personnel  dracaad  in  cold  weather  clothing  and  handwear. 

TTiie  includes  flight  maintenance , anti-icing,  da- la  in  g and  replenishment  of  fuel  and  oils  which, 
although  a tr  eight  forward  tasks,  taka  longer  then  would  be  required  under  More  temperate  conditional , 
The  lnsuletive  qualities  of  oold  weather  clothing  will  be  adversely  affected  by  fuel,  oil,  grease, 
anti-icing  and  de-icing  fluids  and  an  outer  layer  of  suitable  pro  tec  tiv#  clothing  la  required 

for  those  tasks . 

b.  Work  which  an tails  tha  rsaoval  of  hand* ear,  This  will  ha  necessary  because  of  lnacoassabillty 
of  tha  snail  sire  of  soma  parts  and  two  wan  will  be  raqulrad  whar*  on*  would  weually  suffice)  on* 
working  and  one  directing  war*  air  onto  tha  aatal  and  hands  of  tha  operator.  Under  sever*  conditions 
regular  rest  periods  will  also  be  needed. 


c.  Major  repairs,  such  as  ar.gina  change,  will  need  to  be  carried  out  under  a shelter , provided 
with  a host  supply.  Work  In  a shelter  takas  somewhat  longer  than  usual,  but  personnel  can  work 
for  longer  periods  without  ragular  'rest  and  rawarw*  breaks. 


d.  Domestic  duties,  such  aa  tant  erection,  camp  consolidation  and  snow  clearing. 

! j 

The  nature  of  thasa  tasks  ara  such  that  they  require  concentration  end,  in  loat  cases,  strenuous  3 

physical  effort.  In  extreme  weather  conditions  continuous  and  strenuous  physical  affort  can,  and  does,  i 

adversely  affect  norale  and  there  la  a further  risk  that  the  untrained  way  baccate  vichlws  of  exhaustion.  j > 

In  sy  opinion,  it  is  questionable  whether  United  Kingdom  medical  standards  are  sufficient  for  wan  who  ara  ' 

destined  for  land  based  service  In  the  Arctic  or  Subarctic  environment . 


Medical  Selection  Examination 

The  combat  wordier  or  the  Royal  Marine  undergoes  hard  training  in  preparation  for  arctic  servlci,  but 
modern  warfare  demands  technical  support  on  eoet  military  operations,  unlike  the  infantry  the  supporting 
technicians  are  frequently  physically  unfit  and  ill  prepared  for  tha  rigours  of  tha  oold.  In  ay  opinion 
it  le  doubtful  if  the  medical  category  of  P2  is  sufficient  for  sssr.  who  are  to  be  drafted  to  an  arctic 
environment.  Certainly  it  has  bean  ay  experience  that  personnel  with  a history  of  tha  following  should 
ba  excluded i 

a.  Respiratory  disorders . Upper  respiratory  tract  infections  ara  common  and  seem  to  occur 
around  7-10  days  after  arrival  in  an  arctic  environment.  Such  infections  appear  to  ba  precipitated 
by  a ctxfcination  of)  unusually  dry  air,  and  increase  in  smoking,  fatigue,  and  dehydration . Usually 
such  case*  respond  to  24-16  hours  bad  rast,  extra  fluids  and  aspirin.  Cases  with  a past  history 
of  cheat  coup  lain t a ara  moat  difficult  to  clear  up  and  relapse  la  common;  in  fact,  their  usefulness 
aa  members  of  a team  la  questionable. 

b.  Cardiovascular  dysfunction.  Any  man  with  a previous  history,  such  as  cardiac  arrhythmia,  it 
a potential  casualty  as  hie  condition  will  ba  exacerbated  by  the  cold.  Men  who  show  any  signs  of 
poor  circulation  in  teaparate  climates  should  also  be  disqualified. 

c.  Renal  disorder.  Specifically  colic  or  renal  stone.  Dehydration  is  a very  real  problem  in  tha 
Arctic  and  Canadian  experience  in  various  exercises  Indicate  that  dehydration  appears  to  be  the 
main  contributing  causa  of  casualties  and  loss  of  at fectlveneas*.  Dehydration  arises  because  oft 

I.  the  relative  unavailability  of  potable  water 

II.  increased  loss  of  body  water  through  sweating 
ill.  increased  respiratory  loss  of  water 

iv.  cold-induced  diuresis. 

Without  doubt  the  main  cause  is  the  difficulty  In  obtaining  sufficient  water  to  counteract  fluid 
loss.  An  arbitory  figure  of  some  five  pints  a day  has  been  suggested  as  the  amount  required  to  replace 
fluid  lossaa.  To  melt  auffiaient  snow  to  produce  five  pints  of  water  per  man  takes  considerable  effort, 
and  often,  men  are  just  too  tired  to  gather  tha  amounts  required. 

d.  Skingrafts  to  hand*.  Experience  ha#  shown  that  aftar  a few  weeks  of  working  under  field 
conditions  even  established  akingiafts  tend  to  braak  down. 

a.  Psychiatric  hlatory.  Personal  adjustments  ara  required  to  operate  effectively  in  low  temperatures , 
men  with  good  service  records  and  stable  personalities  seam  to  adapt  to  tha  situation  very  veil  Indeed. 
Boredom,  however,  tends  to  be  a problem  and  what  may,  in  other  environments  ba  considered  minor 
prebiama,  can  grow  out  of  all  proportion  and  lead  to  bouts  of  depression,  resulting  in  men  withdrawing 
and  being  isolated  from  a group.  »\  man  with  a poor  record  or  a psychiatric  history  does  not  usually 
adapt  wall  to  this  type  of  situation  and  hla  performance  ie  likely  to  be  adversely  affected. 
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Time  does  not  permit  m to  go  Into  detailed  cm  histories,  but  may  I just  sey  that  in  the  Cosands 
Ur  Squadron#  va  now  aacluda  anyona,  falling  Into  tha  abova  categories,  froai  Arctic  land  baaad  service  j on 
aarliar  occaalona  whan  nan  hava  baan  paralttad  to  go  despite  adverse  histories  thay  have  invarlfbly  "Lallan 
over".  Ewan  with  a simple  condition  Ilka  hacaorrholda  perhaps  ona  should  think  twice,  as  tha  conatipation 
producad  by  dahydratlon  oouplad  with  tha  lack  of  daaira  to  bar*  ona 'a  nathar  rag Iona  to  tha  cold,  can 
c«uaa  a straws  diaooafort  and  wjony  to  tha  unfortunate  auffarar! 

To  achieve  tha  higher  standard  cf  physical  fitness  required  for  Arctic  service  it  is  aaaantial  that  a 
screening  prooata,  along  tha  lines  described  1*  adopted.  Tha  prables  la  than  ona  of  Maintaining  a healthy 
state  which  will  depend  largely  upon  the  individual  protecting  himself  from  the  ha  sards  of  tha  environment. 

Pre-Arctic  and  Survival  Training 

Tha  lack  of  success  in  dealing  with  cold  can  also  ba  related  to  lack  of  sigrervlslon  or  lack  of  self- 
disclpllna.  For  instance  cold  injury  should  not  occur  under  normal  circumstances  and,  accidents  apart, 
can  ba  avoided  if  the  individual  is  taught  how  to  use  his  protective  clothing  to  beat  advantage  and 
maintain  thermal  balance.  Useful  training  can  be  given  to  all,  including  technicians,  who  may  ba  suddenly 
faced  with  Arctic  operations,  but  such  training  should  comnce  at  the  man's  hosts  base.  Ns  have  found  a two 
tier  oystam  of  training  very  useful  in  training  personnel  for  Arctic  service  and  men  are  now  required  to 
undergo  a period  of  pre-Arctic  training  prior  to  deployment  to  Northern  Europe,  this  is  than  followed  by 
survival  training  on  arrival . 


of  operating  in  cold 


During  pre-Arctic  training  emphasis  is  placed  on  prot  rtlon  and  tha  probla 
environments . Asking  the  main  topics  discussed  arat 

a.  environmental  affects 

b.  use  of  pro' active  clothing 

c.  use  of  shelter 

d.  life  style 

a.  cold  Injuries 

f.  survival  techniques. 

Once  the  basic  details  have  been  covered,  confidence  and  kncwledge  of  the  environment  will  only  come 
from  actual  practical  experience.  This  can  be  achieved  by  placing  men,  at  short  notice  and  with  minimum 
kit,  in  a simulated  survival  situation  where  their  every  effort  la  centred  on  living.  The  stress  of  a real 
survival  situation  cannot  ba  simulated  but  initially  the  ‘survivors'  become  surprisingly  anxious,  despite 
the  fact  that  they  know  their  situation  is  only  temporary.  After  a few  days  one  can  begin  to  detect  a 
newfound  confidence  and  awareness  of  the  new  environment  among  those  under  training  and  with  correct 
supervision  the  trainees  soon  learn  the  required  lessons,  such  ae  learning  hew  to  maintain  a normal  body 
temperature  and  take  care  of  clothing,  as  well  ae  moving  through  snow,  preparing  food  and  rooking  after 
each  other.  The  time  and  effort  put  into  this  type  of  training  is  amply  rewarded  and  swn  quickly  learn 
to  respect,  but  not  to  fear,  the  cold  environment. 

RETOWICSS 


! ! 


1.  Siple,  P . A.  t Pacsel,  C.F.  Dry  atmospheric  cooling  in  sub-freeslng  tesperatures . Proc.  Am-Phll.  soc., 

83,  177,  1945 . 

2.  Eagan,  C.0-  Effect  of  air  movement  on  atmospheric  cooling  power.  Arctic  Aarooadical  Laboratory  and 

Arctic  Test  Centre,  USA.  Report  AAL-TDR-64-28 , 147-156,  1964. 

3.  Burton,  A.C.  a Edholo,  C.G.  Man  in  a cold  environment.  London,  Edward  Arnold,  p.  112,  1955. 

4.  Sabiaton,  B.H.  4 Livinstong,  S.D.  Investigation  of  health  problems  related  to  Canadian  Northern 

Military  operations.  Defence  and  Civil  Institute  of  Environmental  Medicine,  Report  Ho  899, 
p.  13,  1973. 


3 


7 


THE  OPERATION  OF  HELICOPTERS  PROM  SMALL  SHIPS 


Surgeon  Cci—smkr  J W Daviea,  Ml,  ChB,  0 Av  Med,  Royal  Navy, 

Royal  Air  Force  Institute  of  Aviation  Medicine,  Farnborough,  Hampshire,  UK. 


StMiASI 

The  operation  of  the  Heap  helicopter  froat  the  decks  of  Tribal  Claae  and  Leander  Claei  Frigatae  of 
the  Royal  Navy  ia  deacribad  and  some  of  the  dllflcultlea  involved  in  euch  operationa,  including  chip 
movement  and  turbulence,  are  dlacuaaad. 


The  Royal  Navy  han  a nuaber  of  halicoptera  operating  from  a variety  of  thipa  and  therefore  ehipa' 
decka.  The  tern  operating  froa  small  ehipa  would  probably  be  better  redefined  aa  operation  froa  anal  1 
decke  for  once  one  excluder  the  aircraft  carrier  deck  the  aixa  of  decka  available  are  all  relatively  mail. 

The  helicopter  that  thia  diisertation  will  be  largely  concerned  with  i*  the  We at land  Weep  aircraft. 

It  ia  a snail  helicopter  with  four  relatively  ihort  rotor  bladea,  a gaa-turbine  engine  Mounted  (mediately 
behind  the  cabin,  a tvin-b laded  tail  rotor  end  e four-wheel  undercarriage,  each  wheel  of  which  it  indivi- 
dually cattored.  The  major  role  of  the  Vaap  helicopter  is  that  of  a torpedo-carrying  anti-auboarina 
attack  helicopter  end  it  operate*  froa  the  smell  flight  decke  of  Leander  end  Tribal  Claes  Frigates  of  the 
Royal  Navy.  The  Uaep  Is  fully  instrumented  for  night  flying  but  i*  not  sufficiently  well  equipped  to  be 
brought  to  the  hover  in  the  dark  without  considerable  difficulty.  Noise  end  vibration  ere  a constant  and 
inescapable  element  of  any  helicopter  flight.  They  vary  in  intensity  from  aircraft  type  to  aircraft  type 
end  even  from  aircraft  to  aircraft.  Attempts  are  made  to  tune  out  severe  vibrations  during  the  teat  fly- 
ing of  each  aircraft  at  the  factory  before  ita  delivery  to  the  Service  and  luckily  the  Weep  is  not  e par- 
ticularly bad  helicopter  frou  this  aspect  even  though  nuch  of  the  time  it  has  to  be  flown  with  the  cabin 
doors  removed. 


The  Uaep's  main  task  is  to  deliver  homing  torpedoes  to  e position  predetermined  by  the  mother  ihip 
and  other  A/S  ships  (or  helicopters)  operating  in  the  vicinity.  Once  airborne  and  with  good  radar  direc- 
tion thia  task  is  not  normally  particularly  difficult,  nor  is  the  return  to  the  immediate  vicinity  of  the 
mother  ship.  The  main  problems  tend  to  arise  during  initial  take-off,  final  approach  and  landing,  and  to 
undera tand  these  difficulties  ws  need  to  look  at  son  of  the  basic  factors  involved.  The  Ueetland  Wasp 
was  developed  from  the  Saunders  Roe  P531  Scout,  and  haj  a special  four-wheel  undercarriage  end  an  extra 

low  minimum  value  of  collective  pitch  to  isiprove  its  deck  operating  capability.  But  apart  from  thia  the 

pilots  have  had  to  take  the  helicopter  ee  it  was  designed  and  have  had  to  develop  their  own  techniques 
end  skills  to  suit  the  task  of  operating  from  ships.  How  does  this  task  differ  from  other  types  of 

operation?  The  vessel  end  its  euperetructure  will  create  a region  of  turbulent  air  which  the  helicopter 

must  negotiate  during  tne  take-off  end  landing  manoeuvres.  However,  much  turbulence  c an  be  experienced 
ashore  around  buildings  or  in  mountainous  localities.  Similarly,  although  the  flight  deck  of  a ship  is 
dimensionally  very  small  thia  type  of  helicopter  frequently  operates  from  confined  areas  ashore,  for 
exasple  nut  of  jungle  clearings.  The  main  difference  in  the  shipborne  situation  is  that  the  turbulence 
end  the  constricted  space  almost  always  occur  simultaneously . In  addition,  because  calm  conditions  at 
sea  are  rare  and  because  a relative  wind  can  arise  from  the  speed  of  the  ship,  the  manoeuvres  art  normally 
made  in  the  equivalent  of  high  winds  not  often  encountered  on  land.  A third  factor,  one  that  is  unique  to 
shipborne  operations,  is  deck  motion.  A ship's  deck  has  6 degrees  of  freedom  of  which  the  angular  motions 
of  roll  and  pitch  end  the  vertical  heave  are  the  more  important  when  considering  the  operation  of  heli- 
copters. Tne  deck  and  ship  movements  can  present  the  pilot  with  a moving  set  of  references  which  could 
lead  to  disorientation  when  on  the  approach  In  poor  visibility  or  ct  night,  or  when  over  the  deck  close  to 
any  superstructure.  Beck  motion  can  also  increase  tha  difficulty  of  judging  the  rate  of  descent  of  the 
helicopter  end  of  the  slope  of  the  "ground"  on  which  one  is  about  to  land.  The  technique  adopted  where 
possible  ia  usually  to  hover  (during  lending)  or  to  wait  on  the  deck  (during  take-off)  until  s quiescent 
period  of  motion  occurs  before  making  the  final  manoeuvre. 

This  then  is  the  shipborne  situation.  The  pilot  has  to  manoeuvre  his  aircraft  through  moderate  to 
severe  turbulence  onto  or  from  a landing  platform  that  is  very  restricted  in  size  and  which,  together  with 
the  visual  references,  can  be  tolling,  pitching  and  heaving. 

Flying  in  such  limited  and  turbulent  conditions  cun  require  a considerable  degree  of  manoeuvring  close 
to  the  deck.  Such  siacoeuvrea  inherently  mean  changes  in  the  power  demanded  from  the  engine  by  the  main  and 
the  tall  rotors.  The  yaw  control  ia  provided  by  the  tail  rotor  which  ia  often  working  in  conditions  near 
the  regime  of  blade  (tall.  Therefore,  quite  modest  increases  in  yawing  moment  applied  by  the  pilot  in 
dealing  with  turbulence  can  crests  a demand  for  a large  increase  of  power.  In  fact  the  amount  of  cootrol 
available  to  the  pilot  is  often  considered  in  terms  of  the  Wasp's  power  limitations  end  certainly  when 
manoeuvring  onto  a ship's  deck  the  engine  torque  indicator  is  an  instrument  that  is  constantly  monitored 
by  the  pilot. 

The  Ships 

The  Tribal  and  Leander  Class  Frigates  have  their  flight  de  ;ks  pieced  st  or  near  the  stern  of  the 
vessel.  This  hse  the  advantage  of  giving  the  pilot  an  approach  path  that  ia  usually  frae  from  obstruc- 
tions. However,  it  has  the  disadvantage  that  the  vertical  displacement  of  the  deck  associated  with  the 
pitching  motion  will  be  at  its  maximum  at  thia  position.  The  Leenler  Class  has  the  forward  end  of  its 
flight  deck  obstructed  by  superstructure,  mainly  the  hanger,  axtandlng  the  full  width  of  the  ship.  The 
Tribal  Claae  on  the  other  hand  has  ita  trailer  deck  relatively  free  from  iseaediste  obstruction.  Both  the 
ib*^  Clast  have  stabilisers  that  llsrlt  tha  amplitude  of  their  tolling  motion  although 
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*t  * ship ' * spved  of  lesa  ebon  about  10  kt*  this  stabilisation  becomes  ineffective.  According  to  the 
pilots  the  stabilisers  alao  Hava  the  disadvantage  that  although  they  may  limit  the  meplltud*  of  the  roll 
they  tend  to  iacreaaa  the  races  of  change  of  acceleration  of  the  ship's  deck. 

Leading  and  Take-Off  Procedures 

la  principle  it  is  preferable  to  take-off  and  land  the  helicopter  while  it  is  feeing  into  the  rela- 
tive wind  and,  although  it  la  poaaiola  to  approach  and  land  oo  or  taka-off  from  virtually  any  aaimuth 
direction  relative  to  the  ship,  it  la  usual  to  follow  a coemcn  pattern  for  all  approaches  in  which  the 
helicopter  comet  in  to  lend  from  the  port  astern  sector,  ha  then  hovers  the  aircraft  alongside  the  flight 
deck  on  the  port  aide  and  lands  from  that  position  under  the  control  of  the  flight  deck  officer.  As  the 
pilot  usually  a i ta  in  the  right-hand  seat  of  the  cockpit  the  above  approaches  give  him  the  beet  view  of 
the  flight  deck  and  is  the  one  that  can  be  beet  ucad  at  night. 

The  operating  routine  for  lending  can  beet  be  described  if  it  is  considered  in  four  phases: 

1.  The  approach  to  the  "gate”  which  is  the  position  from  which  final  approach  ie  commenced. 

2.  The  final  approach. 

3.  The  land-on  lor  take-off). 

4.  The  handling  on  tha  deck. 

1.  The  Approach  to  tha  Cate 

This  la  accomplished  normally  under  radar  control  from  the  ship  which  brings  the  helicopter  to  the 
politico  in  apace  whaie  it  ern  beet  coeeasnee  its  epp—  oech  down  tba  glide  elope.  There  ere  various  eat 

manoeuvres  in  case  of  radar  or  other  control  feilurae  in  which  tha  helicopter  is  brought  overhead  the  ship 

end  than  flies  a eat  circuit  pattern  to  bring  it  onto  tha  glide  elope.  Thais  ere  quite  comp lea  and  require 
a greet  deal  of  accuracy  and  akill  in  tha  flying  of  them.  A a ie  stated  above  the  point  of  all  the  approaches 
ie  to  intercept  tha  glide  elope  leading  to  the  ehip'e  flight  deck. 

2.  The  Final  Approach 

The  radar  approach  intercepts  the  glide  slope  at  2 ml  lee  and  the  initial  daacent  is  commenced  uodst  radar 
control.  At  approximately  l of  a mile  from  the  ship  the  pilot  is  looking  up  to  try  and  identify  the  deck  and 
the  glide  path  indicator.  The  latter  is  a projector  site  fashioned  such  that  it  projects  three  beama  of 

light  as  shown  in  Fig.  1.  The  upper  bend  of  light  ie  aabo-  end  indicates  the  aircraft  to  be  above  tha 

glida  path;  tha  glide  path  band  itself  is  grain  and  can  be  seen  l of  a degree  above  end  below  the  3 degree 

glide  path.  Tha  rad  bend  shows  below  the  green  end  indicate!  the  aircraft  to  be  below  the  glide  path.  The 

glide  path  indicator  <CPI)  has  two  problems.  The  lateral  limits  of  the  projected  beam  are  approximately 
6 degree!  either  aide  of  tha  centra  line,  beyond  that  the  glide  path  indicator  la  not  seen  ae  a series  of 
beams  of  light  but  may  be  seen  ae  a "ghost"  anfcar  at  ell  heights.  This  may  give  rise  to  a false  sense  of 

security  in  that  the  pilot  thinks  that  he  is  high  on  ths  beam  for  hie  approach.  Tha  second  problem  is  that 

at  the  interface  between  tha  red  end  tha  green  bands  another  "falsa"  asd>er  may  be  perceived,  particularly 
in  hasy  conditions.  It  is  hoped  to  overcome  this  latter  problem  in  the  near  future  by  exchanging  the 
colour  of  the  green  end  ember  boasts , ie  the  ember  become*  the  glida  path  and  the  green  becomes  the  high 
ban’s.  Other  end  better  CPI's  are  under  development  and  are  being  tested  at  HAE  Bedford. 

To  te-cap,  the  helicopter  is  brought  onto  the  approach  about  2 miles  astern  jf  tha  ship,  the  airspeed 
ie  reduced  to  60  kts  end  tha  descent  commenced  dovn  a 3 degree  glide  slope  at  approximately  15  degrees 
relative  to  tha  ship's  course.  Overall  commend  of  the  situation  i*  retained  by  the  ship's  commander, 
first  of  all  through  the  helicopter  controller  if  the  ship  is  fitted  with  radar  and  then  by  tha  flight 
deck  officer  who  muat  be  in  visual  contact  with  tha  helicopter.  Trenafer  of  control  at  visual  contact 
taksj  place  at  a range  of  not  less  than  i of  a mile  and  normally  at  approximately  ( a sale.  When  in  close 
proximity  to  the  ship  the  pilot  brings  the  helicopter  alongside  the  port  beam  about  15-18  metres  above 
see-level.  He  can  then  adjust  his  position  and  spaed  relative  to  the  vessel  without  fear  of  overshooting 
into  the  superstructure.  Finally  he  mini  oeuvres  ths  helicopter  sideways  under  the  direction  of  the  flight 
deck  officer  to  bring  it  to  the  required  position  over  the  flight  deck. 

3.  The  Land-On  (or  Take-Off) 

In  ch*  third  phase  over  the  deck  an  attempt  it  made  to  establish  e hover  relative  to  the  ship  with  the 
wheels  about  2 metres  above  the  deck.  Control  of  this  operation  if  still  under  the  direction  of  tha  flight 
deck  officer  who  would  normally  be  in  radio  covsvmication  with  both  the  ship's  commend  mid  the  pilot  but  who 
alao  has  head-held  flags  (or  at  night  illuminated  wands) . When  in  the  flight  deck  officer's  opinion  tha 
helicopter  ie  correctly  positioned,  and  at  in  appropriate  time  with  regard  to  ship  motion,  the  helicopter 
i*  put  firmly  onto  tha  deck.  Take-off  is  similarly  under  the  flight  deck  officer's  control  end  ha  chooses 
tha  wo  it  appropriate  moment  for  lift-off.  The  helicopter  become*  airborne  in  a comparatively  very  short 
time  and  usually  there  are  no  problaae  provided  that  tha  pilot  does  not  translate  into  i-.Tward  flight  until 
he  is  clear  of  the  ship  in  order  to  avoid  impact  between  the  main  rotor  end  various  aerials,  masts,  or 
other  parte  of  tha  superstructure  of  the  ship.  Difficulties  on  take-off  are  only  likely  to  aria*  when  a 
combination  of  adverse  effects  such  as  hot  ambient  conditions,  ingestion  of  hot  funnel  gftsee  devoid  of 
oxygen,  light  winds,  end  maximum  take-off  weight,  all  occur  together. 

4.  Handling  on  tha  Deck 

In  ths  fourth  phase,  that  i*  on  the  flight  deck,  the  helicopter  oust  be  "flown"  by  the  pilot  ae  long 
ea  tha  rotors  are  turning;  for,  even  though  the  wheels  are  on  the  deck,  the  rotora  will  still  rataln  their 
faculty  for  exerting  lift  force*  and  control  moment*.  Then  fore  once  tha  toueh-dovn  ha*  bean  established 
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the  filet  will  select  the  minimal  collective  pitch  of  the  Mia  rotor  blade*  that  is  available  to  him  and, 
u has  bssa  stated,  on  the  Weep  helicopter  m sites  low  collective  position  la  provided . the  Weep  rep la  ce- 
ase t,  the  Lynx,  has  a capability  of  prod eclat  reverse  threat  push! at  the  helicopter  onto  the  dec!  to 
counter  act  the  lac  re  as  t in  lift  that  cm  occer  as  the  rolllaf  aotioa  of  the  ship  causes  the  rotor  dice  to 
chenga  its  tael  dear  e. 


a 


The  Heap  is  ooraal ly  flown  with  ita  auto-stabiliser  equipment  operative.  It  ie  oeceissry  therefore 
for  the  pilot  to  switch  off  the  auto-stabiliser  as  soon  ee  possible  after  touch-down  cad  similarly  it  lo 
only  switched  or  iaSMdistsly  before  take-off,  If  this  is  not  dona  the  auto-stabiliser  will  attaapt  to 
couaearect  the  roll  or  pitch  of  the  aircraft  that  is  being  iMrs***d  upon  it  by  deck  notion.  If  this  Is 
come idar able  It  aay  cause  damage  to  the  rotor  blades. 


Turbulence 

In  relative  vinda  anywhere  from  ahead  of  the  ahlp  the  airflow  around  the  flight  deck  la  both  variable 
and  complex  la  character.  Vertical  dowodraughte  can  occur  which  contain  funnel  gases  and  the  helicopter 
rotor  My  then  pull  theae  geaes  into  the  engine  end  into  the  cockpit  of  the  helicopter  leading  to  discom- 
fort of  the  aircrew  end  detriment  of  engine  performance.  The  neats,  the  funnels,  the  boats,  of  the  Frigate 
forward  of  the  flight  deck  give  rise  to  eddy  shedding  and  vortices  can  roll  up  between  the  junction  of  the 
deck  and  the  side  of  the  hull.  These  can  coebine  to  give  a band  of  greater  turbulence  along  the  edge  of 
the  flight  deck,  he  the  relative  wind  novas  around  to  the  side  this  turbulence  can  thread  out  over  the 
whole  of  the  flight  deck  end  « downdraught  can  occur  on  the  leeward  aide  of  the  vaaaal.  In  a beam  wind 
this  curl-over  bacnaas  more  pronounced  end  should  a helicopter  move  out  to  the  leevard  tide  or  attaapt  to 
land  from  the  leeward  side  a lot  of  powvr  could  be  required  to  deal  with  this  downdraught. 


The  helicopter  pilot  become*  aware  of  the  turbulence  ee  be  approaches  alongtide  the  stern  of  tbs 
vessel.  In  light  winds  there  will  be  little  influence  but  above  15-20  kta  of  vind  over  the  flight  deck  it 
will  become  increasingly  significant.  Hinds  from  ahead  era  probably  the  least  troublesome.  When  out  on 
the  port  beam  in  such  condition*  the  helicopter  vill  be  flying  in  the  undisturbed  free  aiutrtim;  there 
will  then  be  a short  transient  period  ee  it  novae  through  the  band  of  turbulence  at  the  deck  edge  to  hover 
(relatively)  In  the  low  vind  velocities  over  the  flight  deck.  The  worst  situation  from  a leading  point  of 
view  occur*  when  the  relative  wind  ia  10-40  degree*  on  the  starboard  bow.  In  such  a case  all  the  hovering 
and  wovement  onto  the  flight  deck  would  be  carried  out  with  the  aircraft  completely  inserted  in  the  turbu- 
lent wake.  The  full  range  of  power  end  control  of  the  Heap  helicopter  aay  be  required  to  land  in  such  a 
situation  especially  if  the  pilot  allovt  the  helicopter  tn  get  into  the  downdraught  on  the  leeward  tide 
mentioned  previously.  There  are  obvious  benefits  to  bo  gained  by  allowing  the  helicopter  to  approach 
facing  into  wind  if  this  i*  possible.  However,  thie  ia  not  alvayt  so  especially  during  exerciaea  when  the 
aothar  ship  may  be  constrained  in  the  direction  of  it*  movesient. 

Ship  Motion 


The  degree  of  movement  of  the  ship's  flight  deck  depends  upon  the  see  state  and  the  direction  of  the 
ehip'e  head  into  the  waves.  In  practice  wav*  motion  is  irregular  end  the  amplitude  of  flight  deck  motion 
ia  not  constant  end  therefore  short  intervals  of  time  occur  when  the  movement  ui  the  flight  deck  ie  rela- 
tively enell.  It  i*  then  that  the  helicopter  can  1 end- on  or  take-off  even  in  rough  seas  line*  the  moment 
of  couchdown  or  lift-off  can  be  chosen  by  the  pilot  and  the  flight  deck  officer  end  the  duration  of  the 
action  la  only  a ssattar  of  a few  seconds.  Limit*  are  laid  down  as  to  the  degree  of  flight  deck  motion. 
However,  as  the  limit*  in  fact  apply  to  this  moment  of  landing  only  the  helicopter  will  usually  fly  in  any 
weather  in  which  it  would  be  possible  to  launch  the  iceboat  to  raecu*  the  pilot  should  the  Wasp  ditch. 

Apert  from  the  actual  lending,  the  helicopter  will  be  standing  on  deck  with  its  rotor*  running  for  one  or 
two  minutes  both  before  take-off  end  after  landing.  The  ship's  motion  during  this  period,  in  which  the 
pilot  ie  'flying'  the  helicopter  on  the  deck,  may  be  considerable  especially  if  the  ship  is  turning  onto  or 
off  a flying  course.  For  this  reason  a central  strop  which  can  be  released  by  the  pilot, and  lashings  for 
each  of  the  wheals  which  are  released  by  flight  deck  crew,  are  provided.  Whan  the  wheel  lashing*  have  been 
removed  the  central  etrop  can  be  used  to  allmr  the  pilot  to  turn  the  helicopter  around  on  the  spot  to  the 
direction  aelactad  for  take-off.  The  etrop  1*  then  released  as  take-off  power  is  applied.  When  returning 
to  the  deck,  unlike  landing  on  a static  sloping  ground  ashore,  the  pilot  cannot  be  certain  beforehand  in 
which  direction  the  deck  will  be  inclined  at  the  instant  of  touchdown.  He  is  unable  therefor*  to  antici- 
pate the  control  movements  that  will  be  needed.  His  requirements  are  for  a control  system  that  vill  give 
him  the  ability  to  move  his  hallcoptar  rapidly  end  prscissly  without  unduly  lsrgs  control  movsments  and 
this  on  the  whole  the  Heap  helicopter  gives  him.  However,  in  spite  of  the  'controllability'  the  best  tech- 
nique is  for  the  pilot  to  keep  his  "wings"  as  level  as  posslbls  end  not  to  attempt  to  follow  the  motion  of 
the  deck  otherwise  there  ie  a diatinct  chance  that  he  will  become  disorientated,  particularly  at  night. 

Alto  in  contrast  to  landings  ashore,  the  ret*  of  deicsnt  of  the  helicopter  ie  a combination  of  the  aircraft 
end  the  deck  vertical  velocities.  It  could  be  expected  that  the  pilot  would  thus  have  greater  difficulty 
in  judging  his  lending,  leading  to  heavy  load*  in  the  undercarriage.  That  tbit  is  rare  ie  both  attribut- 
able to  the  pilot’s  skill  and  an  indication  that  the  collective  control  on  the  Hasp  is  sufficient  for  the 
deck  lending  manoeuvres  required.  The  pilot's  experienced  technique  end  skill  have  a large  influence  on 
bis  ability  to  lend  on  a email  deck.  The  more  experienced  he  get*  the  better  hi*  lending*  tend  to  be. 
Attempts  to  compare  the  degree  of  heavy  lending  vith  deck  movement  end  with  relative  wind  speed  over  the 
deck  he*  shewn  that  high  rates  of  descent  onto  the  deck  teud  to  occur  more  often  in  light  winds  and  whan 
the  deck  ie  level  (ie  in  good  flying  conditions) . This  probably  reflect*  the  greater  caution  exercised  by 
pilot*  on  the  landing  task  aa  the  see  state  increases  but  it  undoubtedly  mein*  an  increased  workload  in  the 
cockpit  in  such  eircvautencas . 


So  far  in  considering  ship's  motion  w*  have  not  considered  the  effect  on  the  pilot  himself.  At  a 
state  of  Alert  2 which  means  able  to  launch  the  helicopter  vithln  2 minutes,  the  pilot  will  bs  strapped 
into  the  Hasp  on  the  flight  deck,  heaving,  rolling  and  turning  vith  the  ship.  Hhan  the  wind  is  anywhere 
ahead  of  the  ship  fusee  end  smoke  from  the  funnel  must  add  to  hie  discomfort  as  Mntioncd  before.  Ha  may 
be  kept  in  thie  condition  for  2 hr*  by  day  s-d  up  re  1 hr  at  night.  From  this  condition  of  alert  he  M7 
be  launched  on  a sortie  right  up  to  Che  leit  minute.  Heap  pilots  have  admitted  to  considerable  degree*  of 
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dlioriastation  tad  even  uwi  is  thi*  situation  particularly  at  night  tod  more  than  dm  Watp  ha*  dltahad 
a lent*  Ida  tba  ship  laaediataly  altar  tikiulf. 

It  aaat  now  ha  plain  that  tha  workload  on  tha  pilot  Ilyina  (no  tin  dock  li  muck  greater  than  whan  ho 
ia  operating  aahora . Tha  problaaa  nontioaod  above  require  a van  grantor  than  normal  con cant ration  and 
co-ordination  Iron  tha  pilot  ahilat  flying,  His  reliable  external  viaual  cuaa  at a linitad  aipacially  at 
night  and  '.hay  ara  uaually  in  notion.  Pilot*  frequency  have  thair  own  personal  viaual  rafarancaa  to 
aaaiat  accurato  landing! . However,  in  poor  vialbiUty  and  at  night,  on  tha  S’. preach  to  tha  ahip  and  in 
tha  hover,  tha  pilot  i«  comad  t ted  to  wind  viaual  and  iuatrunnt  {lying  which  a<  wo  know  Iron  experience 
ia  tha  worat  poaaibla  aituatloa  and  ia  normally  c can  lately  contra-indicated  in  any  loro  of  flying.  Tha 
attention  required  by  tha  angina  torque  indicator  cloas  to  tha  ahip  aaana  that  avon  in  tha  bait  viaual  con- 
dition! much  “mixed"  flying  la  required . 

further  Areas  of  Strata 

Owing  to  it*  extremely  feat  rata  of  daicant  in  autorotation,  ditching  a.  Wasp  ia  a haaardoua  buainaaa 
at  tha  baat  of  timaa.  Escape  axita  whan  tba  helicopter  ia  in  tha  water  ara  very  linitad  if  tha  cockpit 
doora  ara  mounted  and  closed,  and  tha  chancea  of  aacapa  are  axtranaly  poor.  Therefore  at  thia  time  tha 
Wasp  ia  only  permit  tad  to  bo  flown  ovar  wotor  with  ito  cobin  doora  removad  which,  of  courao,  includaa  moat 
of  it*  flying  oporotiona.  In  tha  tropica  thia  can  only  ba  doacribed  aa  an  advantage  but  in  total  contrast 
tha  Waep  ia  being  flown  from  frigataa  on  fiahary  protection  patrol  off  Iceland,  la  inside  tha  Arctic  Circle 
and  here  flying  with  the  doora  off  can  ba  a cooiidarabla  disadvantage . With  te^>aritur*a  in  tha  Arctic 
reaching  a naan  dally  mioimtmi  aa  low  aa  -7°C  with  occaaional  drop*  aa  low  aa  -17°C  and  a large  wind  chill 
factor  through  tha  open  door  th*  pilot*  can  become  vary  cold  indeed.  They  are  provided  with  electric  glovaa 
and  elactric  boots  but  tha  wiring  tends  to  ba  unreliable  and  tha  aircrew  have  no  rhaoatatic  control  over 
this  equipment  (la  tha  only  control  la  aa  on/off  twitch).  Pilots  have  reported  loaa  of  finger  tactllity 
such  that  they  have  been  unable  to  operate  null  twitches  and  to  pull  tha  circuit  breakers  by  tha  and  of 
tha  flight.  The  doora  being  off  can  also  result  in  rain,  elect,  tnov  and  even  eoa-epray  entering  tha  cock- 
pit and  obscuring  instrument  visibility.  All  thia  and  concurrently  streaming  eyea  and  note  from  the  cold 
do  not  help  the  pilot'a  comfort  or  concentration  whilst  flying  in  theta  conditions,  fully  loaded  with 
weapons  (two  torpedoea) , the  Waap  has  only  a 10  minute  flight  duration  with  a little  spare  fuel  for  one 
extra  ateempt  at  landing.  Thia  strictly  limited  endurance  ttuat  always  ba  in  tha  pilot'a  mind  and  can  do 
little  for  hie  peace  of  mind  during  a sortie. 

In  apita  of  the  short  duration  of  tha  Waap  aortle  and  the  fact  that  evan  during  an  exarclea  tha  pilot 

muat  ba  allowed  8 clear  hour*  under  no  atete  of  alert  from  whtela-on  of  hia  final  eortie  of  the  day,  to 

wheela-off  on  the  first  sortie  of  the  next  period,  life  for  a Waap  pilot  can  be  quite  fatiguing.  For 
instance,  during  that  8 hours  he  muat  get  hia  aletp,  gat  hi*  main  Mala,  and  do  any  necessary  Squadron 
work  (which  may  b.'.  considerable).  The  other  16  houra  he  will  ba  at  a minimum  of  Alert  8,  la  8 minutes  to 
launch,  fully  dreaded  in  flying  clothing  and  close  to  hit  aircraft.  It  should  be  stated  here  that  living 
in  cold  weather  flying  clothing  can  ba  very  fatiguing  in  itself.  Periods  of  tha  16  hours  will  ba  apent 
strapped  into  tha  aircraft  at  Alert  2 aa  previously  described.  Double  pilot  manning  of  Waap  carrying 
frigates  would  ease  thia  problem  of  fatigue  but  it  would  also  reduce  each  pilot'a  flying  practice  to 
dangerously  low  lavala.  It  vs  probably  worth  mentioning  hare  that  tha  living  conditions  on  board  ship 
t«nd  to  be  very  cramped.  Also  whan  the  ship  is  moving  around  swiftly  in  an  exercise  the  noise  and  vibra- 
tion in  moat  areas  of  tho  ship  ara  not  conducive  to  healthy  aleup. 

As  has  been  just  mentioned  the  Waap  pilot  is  usually  the  only  pilot  on  board;  he  Is  the  flight  tomaan- 
der  and  he  is  the  captain's  advissr  on  aviation  aMttere  such  ss  th*  local  oparating  conditions  in  which  the 
ahip  ia  sailing.  Aa  moat  of  tha  ship*  from  which  ha  will  operate  will  not  carry  a Medical  Officer,  ha  la 

alao  responsible  for  grounding  himself  and  therefore  hi*  aircraft  whan  he  ia  Mdlcally  unfit,  and  whan  he 

does  an  he  muat  hold  in  mind  the  fact  that  ha  thereby  renders  tha  ship's  major  weapon  unserviceable . Thia 
muat  ba  a vary  atreaaful  decision  to  hsve  to  maka,  for  instance  should  he  have  e cold  in  the  middle  of  an 
axarciae. 

To  auasxariee  vary  briefly,  th*  summation  0f  i combination  of  tha  etrosaas  Mntioned  above  can  lead  to 
anti-submarine  helicopter  flying  in  tha  Waap  aircraft  from  Leendsr  and  Tribal  Claes  frigataa  being  i vary 
atreaaful  and  fatiguing  occupation.  Nevertheless  it  it  on  tbs  whole  approached  with  great  enthusiasm, 
akill  and  high  morale,  and  is  carried  out  In  an  effactiva  and  thoroughly  professional  manner. 
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SUMMARY 


An  aircraft  aocident  may  result  in  the  occupants  being  forced  to  survive  the  rigors  of  an 
aquatic  environment. 

In  spite  of  the  provision  of  sophisticated  protective  olothing  and  safety  equipment,  many 
such  victims  will  suffer  the  effects  of  drowning  and/or  hypothermia. 

Those  responsible  for  the  training  of  rescue  crews  and  for  the  clinical  management  of  such 
survivors,  should  be  familiar  with  the  treatment  of  these  conditions. 

This  paper  briefly  discusses  the  mechanisms  involved  in  the  production  of  both,  and  outlines 
a course  of  management  for  the  immersion  victim. 


1.  INTRODUCTION 

On  the  11th  July  1965,  a U.S.A.F.  aircraft  ditched  in  the  Atlantic  off  Cape  Cod.1  Of  the 
19  crew  members,  12  managed  to  escape  from  the  wreckage,  the  remaining  7 were  presumed  killed  on 
impaot.  Ten  and  one  half  hours  after  abandoning  the  ditched  aircraft,  three  of  the  original  12 
survivors  were  rescued  alive,  the  remaining  9 had  died  of  *exposure/drowningr.  All  12  were  wearing 
immersion  suits  and  lifejackets.  The  water  temperature  was  11 oc.  One  of  the  three  rescued  alive 
had  been  unconscious  for  the  last  two  hours  but  had  been  supported  by  a colleague  for  that  period. 

The  9 who  died  were  the  least  protected  from  the  cold  from  the  point  of  view  of  body  insulation. 

Most  people  involved  in  Aviation  Medicine  or  in  Airsea  rescue  work  have  many  similar  stories 
to  relate.  The  problem  of  survival  in  water  following  an  aircraft  accident  was  well  known  during 
the  Second  World  War,  During  the  war  it  became  increasingly  obvious  that  the  problem  was 

just  not  limited  to  the  immersion  phase,  as  after  rescue  many  of  those  rescued  alive,  died,  A 
historical  review5  roveals  that  this  problem  was  also  known  in  the  maritime  world  among  the 
shipwreck  survivors  and  is  still  the  case  today. 

Those  who  are  responsible  for  the  survival  of  aircrew  on  immersion  following  "ditching",  or 
on  parachuting  into  an  aquous  environment,  ensure  that  the  equipment  and  training  is  adequate  to 
provide  the  best  possible  protection  for  the  individual,  both  from  drowning  and  hypothermia. 

Those  who  are  responsible  for  the  training  of  rescue  crews  and  for  the  clinical  management  of 
such  survivors,  should  be  familiar  with  the  treatment  of  both  drowning  and  hypothermia.  Regrettably, 
the  management  of  both  conditions,  although  adequately  dealt  with  in  initial  training,  are  invariably 
dealt  with  as  two  separate  entities,  the  management  of  either  of  which  does  not  always  lend  itself 
to  amalgamation  with  the  other  condition.  Whereas  in  practice,  both  conditions,  frequently  co-exist. 
This  paper  attempts  to  clarify  the  situation  and  talks  in  terms  of  the  "Immersion  Victim" 
rather  than  the  "Drowning"  or  Hypothermic"  victim,  A course  of  management  for  the  "Immersion  Victim" 
is  outlined. 


2.  MSCHAriSM-S 


Following  immersion,  survival  will  depend  on  interaction  of  many  factors;  these  include 
swimming  ability,  physical  fitness,  distance  from  the  safe  refuge,  water  temperature,  body  insulation 
and  efficiency  of  buoyancy  aid3,  sea  state  etc;  Thus  under  normal  circumstance  a good  swimmer  in 
relatively  warm  water  (15  - 25°C)  will  remain  afloat  until  such  times  a3  he  becomes  too  fatigued  to 
continue  to  make  swimming  movements,  when  he  will  no  longer  be  able  to  keep  his  airway  clear  of  the 
water  and  he  will  drown.  This  will  happen  relatively  quickly  in  rough  water. 

If  the  water  is  very  cold  (*  L5°C)  muscle  temperatures  fall  quickly  and  co-ordinated  motor 
activity  becomes  progressively  more  difficult  so  that  drowning  v/ill  occur  rolntivcly  rapidly  but  if  a 
lifejacket  13  worn  it  will  keep  the  airway  clear  of  the  water  end  will,  in  most  instances,  prevent 
drowning.  A lifejacket  will  also  delay  the  onset  of  hypothermia  by  reducing  the  need  for  limb 
movement  but  eventually  hypothermia  will  develop  in  all  cases.  Such  individuals  may  be  rescued 
deeply  unconscious  and  apparently  dead  from  hypothermia  A more  thorough  desertation  of  the 
physiological  disturbances  occuring  in  acute  hypothermia  are  to  be  found  in  AGARD  Report  No  620 

A lifejacket  i3  not  always  a guarantee  against  drowning;  in  rough  sea  states  (state  6 end  above) 
the  wave  face  tends  to  be  flat  and  vertical  rather  than  sloping  and  sinusoidal  as  occurs  in  lower 
sea  states  and,  as  a consequence,  the  ' life jacketed*  body  no  longer  floats  freely  over  the  waves, 
which  moans  that  tho  water  continually  breaks  over  the  face  and  drowning  will  only  be  prevented  for 
as  long  as  there  is  voluntary  control  of  respiration.  Drowning  will  ensue  when  consciousness  becomes 
impaired  as  a result  of  hypothermia.  Thus  submersion  is  not  essential  for  drowning. 

Another  factor  to  bo  homo  in  mind  in  aircrew  who  have  not  removed  their  oxygen  masks  before 
water  entry,  L z tho  dorvgor  of  inhf  ling  water  through  the  oxygen  hose  unless  a special  onti  suffocation 
v/ilvu  in  fitted  G. 

Hyperventilation,  with  respiratory  ra  03  in  the  region  of  60-70  per  minute,  has  been  observed 
in  naked  subjects  during  tho  first  ton  minutts  of  immersion  in  water  at  10°C  9.  Tetany  has  been 
reported  in  one  cose  ^0.  Even  expert  swimraeri  may  drown  in  the  first  few  minutes  of  vater  immersion, 
if  the  water  is  particularly  cold. 
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Thin  hyperventilation  My  compromise  ones  ohar.oes  of  esoeping  uniimttr  from  a ditohed 
helloopter. 

On*  other  problem  In  very  sold  eater  (clro*  50 C)  ii  the  apparent  inability  of  soap* tent 
swimmer*,  unhabituated  to  oold  water,  to  sain tain  swimming  movements  for  any  length  of  time,  even 
when  dreaead  in  outdoor  winter  olo thing  11 . 

Whatever  the  reason  for  the  auboersion,  experimental  avidenoe  in  aniaala  1 «u/ geats  a 

period  of  struggling  during  whioh  large  quantities  of  water  aay  be  swallowed  In  an  atteapt  to  avoid 
inepiration.  Vomiting  My  ooour  at  thia  etag*.  An  increasing  arterial  carbon  dioxide  teneion  (Poo„) 
end  falling  oxygtn  tension  (Poj)  will  eventually  oause  inspiration,  with  consequent  inhalation  of 

water. 

It  has  baan  suggested  13,  IV.  that,  in  anything  from  10  to  2t#  of  oaaes,  the  initial  entry  of 
water  into  the  larynx  aay  produoe  a severe  laryngoBpasm,  or  closure  of  the  glottie  13  which  persists 
until  asphyxlal  death  supervenes,  end  this  is  the  likely  explanation  of  the  so  Oelled  'dry  drowning*' 
found  at  postmortem,  This  seem*  highly  improbable,  aa  it  is  difficult  to  visualise  how  suoh  ausole 
epasa  could  be  aaintained  in  the  sever*  hypoxia  which  aust  be  present  In  the  terminal  stagse. 

In  the  majority  of  caiaa  the  entry  of  water  into  the  larynx  end  upper  rospiratorv  passages 
accompanies  severe  retroatemal  pain  and  violent  coughing.  In  anlaele,  death  follows  quickly  In 
fresh  water  due  to  ventricular  fibrillation  (YF)  resulting  froa  electrolyte  changes  aaaoclatad  with 
ha eao dilution  and  haa«X)lysia  following  absorption  of  large  quantities  of  fresh  water  froa  the  lung*  1°. 
In  eea  water  VF  is  unlikely  17,  death  being  due  to  eaplyxia  and  ta  a slower  process. 

The  differences  between  fresh  and  salt  water  drowning  have  bean  admirably  reviewed  by  bedell 
(1968)17,  hut  tend  to  be  largely  of  aoadaaio  interest  froa  the  tharspeudio  view  point,  aa  the  basis 
pathophysiological  problem  la  very  similar  in  both  situation*,  i.e.  hypoxaeaia,  hypercapnea  and 
aoidosi*17i  I"* 

Regardless  of  the  drowning  medium,  the  organ io  and  inorganic  content!  of  the  inhaled  fluid 
produoe  an  Inflammatory  reaction  in  the  alveolar  capillary  membrane  whioh  quickly  lead*  to  an 
outpouring  of  plasma  rich  exudate  into  the  alveolus  19*20* 

The  loss  or  destruction  of  the  normal  surfactant  21  by  the  inhaled  water  oen  result  In  large 
areas  of  atelectasis  whioh  may  further  complicate  the  picture. 

3.  PBOBunc  AKismc  Arm  macro 

The  immersed  victim  on  resoua  may  then  be  either  oousoious,  unconscious  or  even  apparently 
dead.  He  may  be  suffering  from  hypothermia,  alone,  or  complicated  by  drowning. 

Immediately  after  rescue  the  temperature  of  the  hypothermic  individual  will  oontinue  to  fall 
for  a short  period  before  he  begins  to  reoover  or  death  eneueo.  This  is  che  so  called  'after  drop'17. 

At  00 re  temperatures  below  330C  aupraventrloular  oardlao  arrhythmia*  may  ba  encountered  with 
vertrioular  arrhyttalas  00 curing  with  core  temperatures  in  the  region  of  30°  C.  Cardiac  arrest  due  to 
ventrloular  fibrillation  is  possible  at  oore  temperatures  of  28°C  or  below  22.  Cardieo  arrest  has 
usually  ocoured  by  the  time  th*  oore  temperature  has  reached  2V°C  23- 

Even  if  the  victim  aurviee  the  Immediate  affects  of  immersion  and  appears  to  be  making  a 
reasonable  recovery  after  rescue,  there  i«  a great  danger  of  developing  an  acute  pulmonary  oedema 
or\y  time  from  13  minutes  to  72  hours  after  the  drowning  incident,  17,18,2V, 2$.  u t consequence  of 
the  inf lame to ry  reeotion  of  the  alveolar  oepillsry  membrane.  A large  series  of  poet  mortem*  by 
Fuller  in  whioh  survival  times  ranged  froa  a few  minutes  to  19  days  demonstrated  that  tyalins 
material  will  be  found  on  the  walls  of  the  injured  bronchiole*,  alveolar  ducts,  and  alveoli  of 
those  who  have  survived  froa  12  hours  to  the  third  day. 

Other  possible  delayed  effects  of  drowning,  or  it*  treatment,  include  the  development  of  a 
condition  resembling  the  respiratory  distress  syndrome,  whioh  aay  be  related  to  oxygen  toxicity  26,27. 
If  severe  cerebral  hypoxia  is  a feature  of  the  Incident,  cerebral  c*daoa28  may  prove  a problem  and 
lastly,  when  the  drowning  medium  is  polluted  pulmonary  infection  is  likely  2t»,  28. 

V.  KAKAriTrVKNT 


Treatment  of  the  immersion  victim  is  aimed  at  th*  restoration  of  adequate  ventilation  and 
heart  aotion,  correction  of  the  acid-bass  status,  and  reversing.  These  priorities  only  alter  beoause 
of  the  facilities  available. 

At  the  saena  of  the  rescue,  there  are  usually  no  facilities  for  the  correction  of  the  eold-base 
state  and  few  facilities  for  reversing,  so  that  the  major  alms  are,  the  provision  of  adequate 
ventilation,  the  sssisteno*  of  the  olrouletion  where  necessary  end  the  prevention  of  any  further  boat 
loss  from  th*  body. 

Attention  has  always  bean  drawn  to  th*  requirement  for  immediate  aotion  and  many  Authorities 
advise  that  no  manoeuvres  designed  to  drain  the  lunge  of  fluid  should  be  performed  29»30t  others 
have  found  thr.t  a quick  attempt  to  drain  the  lungs  has  often  allowed  suoh  of  the  ingested  fluid  to 
flow  out  and  this  reduoea  the  riek  of  regurgitation  and  subsequent  aspiration  pneumonitis  31, 

Korllar  work  by  Fsiner  et  al  32,  and  more  recently  by  Uodell  et  al  33,  seems  to  indicate  that  it  i* 
worthwhile  to  attempt  to  drain  the  lungs  in  salt  water  drowning. 

It  is  important  that  expired  air  resuscitation  should  ba  carried  out  as  soon  ss  the  mouth  and 
oropharynx  have  bean  olmered.  Praotioal  experience  has  shown  that  restoration  of  adequate  ventilation 
will  often  bring  baok  satisfactory  oardlao  rhythm  3^.  If  a puls*  can  not  be  felt  after  the  first  fww 
inflations,  then  closed  ohest  oardlao  massage  (CCCM)  should  be  started  35  in  *11  but  the  faypotharmio 
patient.  All  immersion  viatims  should  be  removed  to  hospital  au  aoon  as  is  practicable.  When  suitable 
apparatus  la  available,  ventilatory  assistance  should  be  given  using  100J,  oxygen  if  possible  via  a 
mask  and  a Guedal  airway.  If  the  patient  is  very  restless  then  * nasopharyngeal  airway  is  beet. 
Attempts  et  intubation  by  inaxperlenoad  workers  have  usually  resulted  in  more  injury  and  less  adequate 
ventilation  than  the  simple  method  described. 

After  rescue,  the  oontinueing  fall  of  th*  oore  temperature  of  th*  hypothermic  victim  could 
lower  the  already  low  body  temperature  into  th*  ion*  where  unconsciousness  can  be  anticipated  (30°C)  z3 
or  even  into  the  sane  where  the  qyooardlum  become*  extremely  irritable  (28?C). 
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Conscious  hynothsralo  patients  therefore  should.  be  re warns d rapidly  1a  the  most  rwilllj  available 
hot  bsth  (4l°0).  Unconscious  hypothermic  patients  whose  temperature  is  below  28°  0 may  develop 
ventricular  fibrillation  (w)  spontaneously , or  More  usually  following  the  slightest  mechanical 
Irritation2*,  1 typo  the raic  viotia  whose  sore  tsapsrstur*  Is  this  low  will  almost  oertaialy  have  bo 
palpable  pulse  end  Is  unlikely  to  be  breathing  et  e recognisable  level.  1 f however  cardiac  HiU«t 
is  given  to  such  an  individual  then  V?  will  ooaaonly  result.  The  oleerest  guide  to  the  likelihood 
of  s vistla  being  hypo thereto  is  thet  be  will  be  weering  s lifejacket  or  beve  some  • teller  apses 
of  maintaining  his  airway  a leer  of  weter,  for,  as  discussed  above,  it  is  iapossibls  for  an  lamer fed 
subjeot  to  achieve  this  depth  of  oore  temperature  without  drowning  in  the  absence  of  sons  such 
support. 

The  first  aid  management  of  ruoh  victims  la  therefore  the  maintenance  of  an  adequate  ventilation 
end  the  prevention  of  further  heat  loss  °. 

figure  1 le  e flow  diagram  outlining  the  procedure  to  be  followed  In  the  immediate  management 
of  the  1 Inner sion  Victim*  3°7 


5.  OK  HOSPITAL  ADMISSION 

While  oontinueing  to  support  ventilation  and  circulation  by  first  aid  aeasuras  it  la  now 
essential  to  oorrsat  the  aaid-bmse  status  of  the  viotia  and  to  asaess  any  degree  of  hypothermia. 

An  intravenous  lino  using  8.4%  sodiua  blcsrbonate  should  be  set  up  as  soon  as  possible.  The  standard 
requirement  is  usually  150  inEq  immediately , and  70  mBq  for  every  subsequent  10  isinutet  during  which 
adequate  ventilation  and  circulation  have  not  occurred.  An  electrocardiograph  (ECG)  should  be  taken  to 
determine  cardiac  rhythm  end  if  VT  Is  present  1 .mediate  DC  oounter  shook  (400  joules)  should  be 
applied  exoept  in  the  severely  hypothermic  patient  (reotal  tempers ture  below  30°C).  VT  will  not 
easily  convert  17,50  in  adult  bypotheralo  bubjeote  but  rapid  rewarming  to  sbovs  30° C may  produce 
a spontaneous  conversion  39,41  or  at  least  asks  the  ohanoes  of  eleotrioal  dsfibrilletlon  more 

likely. 37 

Rapid  rewnrming  of  the  nyoardiua  is  beet  sooonpllehed  by  means  of  cardiopulmonary  bypass 
teohnique  30.42  tut  Bot  every  hospital  has  this  facility  readily  available.  The  next  beat  means 
of  rapid  remaining  is  by  immersion  in  a hot  bath  at  45°C  23,  The  preoticalitee  of  doing  CCQI  while 
re warming  ere  almost  insurmountable  but  it  has  been  shown  that  deeply  bypotheralo  patients  may  suffer 
little  anoxio  damage  during  periods  of  up  to  15-20  minutes  oiroulatory  standstill  41,43.  If  it  is 
oonsldsred  inadvisable  to  discontinue  CCCR  for  the  duration  required  to  remora  the  oore  to  above 
30°C,  then  a alow  rowarm  teohnique  nay  be  spplied  while  CCCM  is  continued.  Slow  rewarm  is  probably 
beet  achieved  through  the  respiratory  tract  by  the  methods  described  Lloyd  44  shanks  A Harsh45 
while  at  the  same  time  ensuring  that  further  heat  lose  from  the  surface  of  the  body  la  at  a 
minimum. 
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Having  started  the  bicarbonate  the  patient  should  be  intubated  and  ventilated  with  100,*- 
oxygen*  Rocent  experimental  33  evidence  in  animals,  and  actual  33 > 46,  47  evidence  in  near- 
drowned  humane,  have  shown  that  the  use  of  positive  and  expiratory  pressure  (PEEP)  of  iO  cm  H2O 
results  in  for  better  ventilation  and  control  of  oedema  in  near-drowned  patients  than  standard 
intermittent  positive  pressure  techniques  with  suction. 

In  victims  who  are  likely  to  recover,  those  measuros  will  provide  on  adequate  heart  action, 
but  the  return  of  spontaneous  respiration  will  depend  on  tho  degree  of  anoxic  brain  damage  suffered 
by  the  victim.  Some  authorities  rooommend  therapeutio  hypothermia  (30°C)  ub  a moans  of  lowering 
cerebral  o^gen  requirements  and  decreasing  cerebral  oedema  (vide  infra)* 

In  non  hypothermic  subjects,  whose  acid-base  state  has  been  corrected  and  who  are  being 
supported  by  good  ventilation,  in  whom  an  adoquato  heart  action  lias  not  been  restored,  an  intracardiac 
injection  of  2-4  ml  of  l/l0,000  adrenaline  and  10  ml  of  If#  CaCl2  should  be  given.  This  may  produce 
a reasonable  rhythm  or  VF  which  can  be  troated  as  before.  If  this  proves  unsuccessful  then 
intravenous  or  external  cardiac  pacemaking  could  theoretically  be  considered. 

Figure  2 is  a flow  diagram  summarising  the  management  of  the  immersion  victim  on  admission 
to  casualty*  36 


6.  DELAYED  MtfTAGETOT 

The  problems  of  delayed  management  ore  primorly  those  of  'secondary  drowning1  24>18  later 
the  development  of  a condition  which  closely  resembles  the  respiratory  distress  syndrome. 

Secondary  drowning  is  characterised  by  a rapidly  increasing  pulmonary  oedema  associated  with 
a tachycardia,  a fall  in  pulse  pressure  and  then  in  ovorall  blood  pressure  associated  with 
anoxaemia  and  subsequent  changes  in  cardiac  rhythm  i7»l8. 

For  both  conditions  early  ventilatory  support  with  PEEP  usually  prevents  the  further 
development  of  this  chemically  induced  oedema,  while  circulatory  support  by  the  infusion  of  up  to 
1 litre  of  plasma,  under  central  venous  pressure  control,  has  usually  proved  sufficient  to  overcome 
that  aspect  of  near  drowning*  Acid-base  status  should  be  normalised  during  the  anoxic  phaso. 

In  such  patients  one  must  assume  that  thero  is  not  only  chemical  irritation  but  also  bacterid 
contamination.  The  use  of  methyl  prednisolone  (5  mg  per  kg  body  wt.  per  2 4 hours  in  G divided  doses) 
has  been  advocated  by  Sladon  & Zauder  43  ^ 0 counteract  both  the  pulmonary  oedema  and  cerebral  oedema 
secondary  to  anoxia,  and  the  use  of  a wide  spectrum  antibiotic  3eems  to  bo  a reasonable  precaution, 

Tho  flow  diagram  shown  in  Fir  3 outlines  tho  suggested  management  of  tho  immersion  victim 
on  admission  to  the  hospital  ward.36 
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DELAYED  MANAGEMENT  OF  THE  IMMERSION  VICTIM 


Cardiac  arrhythmias  secondary  to  hypothermia  (e.g.  atrial  fibrillation,  or  flutter  and 
varying  degrees  of  heart  block)  which  are  frequently  seen,  do  not  respond  to  any  form  of  anti- 
arrhythmio  therapy  and  invariably  revert  spontaneously  in  8-12  hours  after  the  core  temperature  has 
returned  to  normal. 
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HICHAM 1C 8 OF  BEAD  PkOYECTKW 
by 

Wing  CoweniUr  D.H,  Glsiatar 
loyal  Air  Force  Institute  of  Aviation  Medicine, 
Farnborough , Hampshire,  OK. 


If  oea  la  to  appreciate  th*  prlnciplaa  Involved  in  protacting  tha  head  fro*  injury,  be  it  aoft  tiaaua 
dahage,  beta  damage,  concuaeion  or  paraanant  brain  damage,  it  la  aaaential  first  to  have  a claar  under* 
standing  of  the  mechanisms  which  causa  injury.  In  aoaa  caaaa  thesa  are  apparent,  for  exenple,  if  ana 
hits  tha  bead  hard  enough  with  a heavy  enough  bliatt  inatruaant,  skull  fracture  and  brain  damage  will  ba 
inavitablei  the  problea  reaaine,  however,  to  define  the  word  'enough'.  In  contrast,  the  Bechanica  of  pro- 
duction of  concussion  are  still  only  poorly  understood. 

MECHANICS  Of  INJURY 

Hydrostatic  pressure,  per  ae,  has  little  effect  on  living  tissue  which,  provided  it  contains  no  sir, 
■ay  be  considered  incompressible . This  observation  led  Rolboume  (1943)  to  state  that  'linear  acceleration 

forces  tend  to  produce  congressional  or  rarefactional  strains  which have  no  injurious  effect'  and  he 

attributed  ell  heed  injuries  to  two  basic  aechenisies  - defornetion  of  the  skull,  with  or  without  fracture, 
and  audden  rotation.  In  the  latter  case  tha  inertia  of  the  brain  would  cauaa  it  to  rotate  leaa  rapidly 
than  thi  c rani  ms  and,  becauae  of  ita  irregular  ahape  aud  varioua  attachments,  local  ahear  forcea  would  be 
produced.  It  is  shear  forces,  not  pressure  \ich  cause  e nerve  to  cease  to  conduct  iapulaea  when  squeezed 
by  a pair  of  forcepe.  Thus,  Holbourne  con.  . ~=.ed  that  shear  forces  were  eeaential  for  tha  production  of 
concuaeion,  or  other  brain  injury. 

In  1948,  Ward  and  co-workers  suggested  that,  whilst  compreaeion  indeed  did  not  cause  injury,  rarefac- 
tion could,  and  did.  The  suggestion  use  that  a low  pressure  wsvw  caused  cavitation  in  the  brein  tissue, 
and  that  the  subsequent  collapse  of  these  microscopic  cavities,  or  bubbles,  caused  call  damage  in  their 
immediate  vicinity.  Lindgren  (1964)  measured  intracranial  pressure  during  experimental  impacts  and  showed 
that,  due  to  the  ir.ertia  of  the  bra'n,  a high  pressure  tone  developed  initially  at  the  site  of  inpact,  with 
a complementary  low  pressure  zone  at  the  opposite  pole.  Thus,  a linear  heed  acceleration  could  lead  to  a 
low  pressure  shock  wave,  cavitation,  bubble  collapse,  cell  damage  and  concussion. 

In  some  elegant  animal  experiments,  Cleaner  end  Curdjien  (1960)  showed  that  a simple  pressure  pulse, 
in  the  ebeence  of  skull  deformation,  ceuead  concussion,  furthermore,  they  obtained  a clear  cut  relation- 
ship between  pressure  end  duration  for  threshold  pulsae  which  could  be  related  to  pressure  pulses  conse- 
quent upon  linear  acceleration  of  the  heed.  From  this  end  other  data  has  come  the  acceleration-time  toler- 
ance curve  far  human  cerebral  concussion  (Figure  1)  on  which  US  helmet  standards  are  based. 


FIGURE  I.  Tolerance  of  the  human  heed 
lo  impact  acceleration. 


a 


We  thus  have  a number  of  potential  injury  mechanisms ; - 

1.  Direct  local  impact  causing  soft  tissus,  or  bone  injury.  Hera  the  degree  of  injury  will  increase  with 
tha  energy  of  tha  impactor,  and  with  decreasing  contact  area,  brain  tissue  deep  to  the  site  of  i^act  My 
be  damaged  secondary  to  distortion,  or  fracture  of  the  cranium. 

2.  Even  in  the  ebeence  of  local  Injury,  a direct  impact  will  cause  linear  acceleration  of  the  heed,  with 
tha  possibility  of  cavitation  end  concussive  injury. 

3.  Direct  impact  may  also  cause  angular  eccaleretion  of  the  heed  with  the  development  of  eueer  force!  and 
local,  or  more  widespread,  brain  daMga. 
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4.  In  the  absence  of  hand  iapace,  fore**  transmit tad  through  the  neck  may  cause  basal  fractures  (*Cz 
acceleration)  or,  by  initiating  high  angular  accelerations,  concussion  (±Cx  or  IGy  acceleration) . 

T0UHA8GB  TO  IHJUB 

before  considering  method*  for  protection,  human  tolerance  to  thaie  potential  injury  mechanism  must 
be  discussed  and,  if  possible,  quantitated.  One  of  the  problems  la  to  know  what  unite  to  employ,  For 
exasqile,  the  deceleration  of  the  im>ector,  or  acceleration  of  the  heed  are  readily  measured  end  frequently 
used  in  tolerance  definitions , The  units  nay  be  ft.  sec.-*,  me "2,  or  C,  If  the  head  is  freely  mobile  and 
its  mas  a known,  than  the  force  applied  to  the  head  (or  lopactor,  since  action  and  reaction  are  equal  end 
opposite)  may  be  calculated  (force  - mas  a x acceleration)  and  expressed  in  potxtd  weight  (lb.),  kiloponda 
(kp)  or  Hew  tons  (M).  If  the  contact  area  is  known,  then  the  force  may  be  expreeeed  per  unit  area  as  a 
pressure  (Lb. in.-2,  kp  m-2,  Ha-2).  Finally,  end  perhaps  most  logically,  the  total  transfer  of  energy,  or 
work  dona  on  the  head,  can  be  computed  and  expreeeed  in  foot-pound  weight  (ft. Lb.),  metre-kilopcmd  (akp) 
or  Newton  metre  (Joule).  Appropriate  conversion  factors  are  given  in  the  appendix. 

By  general  convention,  acceleration  (in  C)  tenda  to  be  used  whan  discussing  concussion,  force  (1b.) 
or  pressure  (Lb. in.-2)  for  bone  fracture  limits  an  I energy  in  Joule  (J)  for  head  protection  raquirenante. 
An  sxasq>le  should  moke  these  relationships  clear. 

A heed  weighing  10  lb  and  travelling  at  a velocity  of  30  ft. sec. “2  strikes  a solid  brick  wall.  The 
frontal  bona  fractures  and  is  depressed  to  a depth  of  1 in.  Assuming  constant  deceleration,  the  relation- 
ship between  velocity  (ft. esc."2),  acceleration  (ft. see.-2)  and  stopping  distance  (ft.)  is  given  by 

V2  - 2as  . (1) 

2 1 -2 

So,  30  ■ 2i  k tr  or  a - 5,400  ft*aec.  or  163C. 

Th«  force  acting  on  the  head  (or  wall)  was  1680  Lh . 

The  kinetic  energy  of  the  head  prior  to  iupact  ia  given  by 

ke  - j mV2  . (2) 

So,  i x (m  is  mass,  not  weighc)  x 302  - 140  ft. Lb.  or  19 0J. 

Also  of  interest,  since  the  head  responds  dynamically,  la  the  duration  of  the  impact  (figure  1)  and,  again 
aaaimiing  constant  deceleration,  this  is  given  by 


V » it 


(3) 


So,  30  " 5,400t  and  t “ 5.6  nsec. 


We  have  now  defined  all  the  paraaet  r a of  thia  particular  head  inpact.  Note,  however,  that  had  the 
head  not  fractured,  the  stopping  distance  would  have  been  much  less,  perhaps  one  hundredth  of  a foot.  In 
this  case  the  deceleration  would  have  been  5,590  G,  the  force  55,900  Lb.,  the  duration  0.2  msec,  but  the 
input  energy  would  atill  have  been  19CXJ . This  example  emphasises  the  profound  effect  of  etopping  distance 
on  the  forces  involved  in  a given  head  impact,  and  shows  how  the  ek»ll  and  soft  tissues  could,  by  allowing 
deformation,  actually  protect  the  brain  from  excessive  acceleration.  Obviously,  too  much  deformation  will 
itself  lead  to  local  brain  damage.  The  relationship  between  stopping  distance,  impact  velocity  and  accel- 
eration is  given  in  figure  2. 


FIGURE  2.  Stopping  distance  as  a function  of 
impact  velocity  with  constant 
accelerations  as  parameters. 


VELOCITY-  ft./ tec. 


r^p"9 
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Let  us  now  consider  human  tolerance  to  the  four  injury  mechanism*  referred  to  earlier. 

Direct  inpact  - soft  tissue  and  bone  injury 

Information  obtained  from  car  craahea  aa  wall  aa  from  cadaver  experimentation  hat  provided  reasonably 
repeatable  bona  • trenglh  data.  Break  atrength  deperda  upon  impact  aite,  and  range!  fro*  a mere  30  G for  the 
noee,  40  G for  the  jaw,  SO  C for  the  zygomatic  arch,  100  G for  4 in.2  of  front  teeth,  SO  to  100  G for  1 in.2 
of  te^ioroparietal  bone  and  100  to  200  G for  1 in.2  of  frontal  bone  (Swearingen,  1965).  In  each  cate  the 
force  may  be  obtained  by  multiplying  the  accaleretion  in  G by  a factor  of  10.  Tbeae  injuries  vert  produced 
by  'fora  fitting1  moulded  iapectora  eo  that  toft  tleeue  injuries  were  minimised.  Obviouely,  much  leeeer 
inpatts  could  ceute  aoft  tiaaue  injury  depending  upon  the  ispactor  aurfece,  end  greeter  forcea  would  be 
required  to  produce  more  depreeted  fractures  with  direct  brein  damage. 

Forcea  required  to  produce  deformation  of  the  crenitaa  without  fracture  ere  leas  well  documented,  but 
we  have  evidence  that  the  cranium  may  be  dented  up  to  0.5  in.  (12.5  ■■&)  without  concussion.  Here  the  esti- 
mated inpact  energy  of  150  to  250  J was  pertly  absorbed  and  distributed  to  the  heed  through  e protective 
Helmet  (Glaiiter,  1974). 

Linear  acceleration 

Numerous  animal  studies  have  been  conducted  in  attempts  to  measure  tolerance  to  concussion  and  to 
scale  the  findings  to  man.  Figure  1 gives  one  such  prediction  end  shows  clearly  the  effect  of  Impact 
duration.  This  curve  has  led  to  the  US  requirement  for  protective  helmeta  which  states  that,  under  appro- 
priate test  conditions,  the  headfora  acceleration  shell  not  exceed  400  G,  or  200  G for  more  then  2 msec, 
or  150  G for  more  chan  4 msec  (American  National  Standards  Institute,  290.  1-1971).  Equivalent  British 
Standards  (for  example,  BS  2495:1960)  quote  500  G (no  time  limit),  but  this  is  currently  beir.g  brought 
down  to  400  G (transmitted  force  of  4,400  U> . or  19.6  kN)  . 

Sveeringen  (1971)  serened  the  significance  of  cranial  distortion  end  concluded  that  the  human  brain 
can  withstand  craah  impact  forces  of  500  to  400  G,  or  more,  without  concussion,  or  skull  fracture,  pro- 
vided provisions  are  made  to  prevent  deformation  of  the  skull. 

Angular  accelaration 

Ommnya  and  others  (1970)  have  developed  ecaling  factors  froa  the  results  of  animal  experiments  which 
suggest  that  a 50  percent  probability  of  concussion  in  man,  with  a brain  mass  cf  1.3  kg,  would  occur  at  an 
angular  acceleration  of  1,800  rad  sec-2,  or  at  a rotational  velocity  of  50  rad  sec-2  (480  rev  min-2).  More 
direct  information  is  needed,  however. 

Basal  fracture 

This  injury  snehenisn  undoubtedly  exists  - we  have  seen  cases  following  helicopter  crashes  where  there 
was  no  other  head  injury  and  where  the  protective  helmets  were  unscathed.  Prom  other  evidence,  the  force 
Involved  wee  considered  to  be  well  in  excess  of  *30  Gz  with  t very  snort  rise  time,  but  what  the  force 
would  have  been  at  head  level  is  unknown.  In  *Cz  impacts,  however , the  skull  base  is  relatively  stronger 
then  other  parts  of  the  epine. 

MECHANICS  OF  PROTECTION 

From  the  foregoing,  several  possible  mechanisms  are  apparent  whereby  a helmet  could  protect  the  head. 

1.  It  could  distribute  an  impact  load  so  as  to  prevent,  or  reduce,  soft  tissue  injury.  This  mechanism 
was  recognised  by  the  Emporor  Nettorius  in  1760  BC  when  he  provided  his  Mecedonien  warriors  with  hard 
leather  helmets. 

2.  In  a similar  way  a helmet  could  prevent  deformation  of  the  skull  and  so  increase  tolerance  to  linear 
acceleration  to,  perhaps,  400  G,  This  protective  mechanism  is  stressed  by  Swearingen  (1971). 

In  both  these  cases  the  requirement  is  for  s strong  inflexible  shell.  However,  if  the  shell  is 
separated  from  the  skull  by  an  appropriate  distance,  some  flexion,  or  distortion,  of  the  shell  becomes 
acceptable.  In  this  ceee  the  load  has  to  be  transmitted  to  a large  area  of  ersniua  by  a suitable  suspen- 
sion system,  A measure  of  the  potential  benefit  which  can  be  afforded  by  a rigid  helmst  shell  may  be  pro- 
vided by  a simple  example; 

Ac  aircraft  runt  out  of  runway  and  decelerates  it  i modest  4G,  to  throwing  the  pilot's  unprotected 
forehead  against  the  top  edge  of  hit  instrument  penal.  Moving  through  12  in.  of  travel  prior  to  ii^>act 
the  head  acquires  e relative  velocity  of  16  ft. tec.-2  end  energy  of  55J . The  subsequent  contact  area 
measures  3 in.  x 0,5  in.  If  there  were  no  fracture,  the  heed  would  stop  abruptly  (say,  in  0,12  in.)  end 
the  applied  pressure  would  be  some  2,650  Lb. in.-2  (18,000  kN  m~2) . Undoubtedly,  the  frontil  bona  would 
have  been  fractured.  Th*  earns  head,  protected;  strikes  at  the  seme  velocity  (though  the  impact  energy  it 
increased  by  the  added  meat  of  the  helmet,  to  75J) . Now  a stopping  distance  of  0.6  in.  is  available  (see 
below),  the  load  it  distributed  (no  fracture)  and  the  heed  acceleration  it  reduced  to  80G  for  6 msec  (no 
concussion) . 

(However,  it  must  be  noted  that  had  the  haad  baan  pravantad  from  contacting  the  Initnmsnt  panel  by 
attention  to  ctashvoxthlnaaa  in  the  original  design  of  the  aircraft  end  harness,  the  bead  accelaration 
would  have  been  or.lv  that  of  the  slowing  aircraft  - 4G.  Also  it  sury  be  noted  that  an  energy  absorbing  end 
load  tpreadinj  capability  could  have  been  provided  in  the  design  of  the  instnaasut  panel  - and  to  be  taken 
off  the  heed.  Heed  protection  should  be  a last  resort,  the  primary  aim  being  to  eliminate  potentially 
lethal  head  io^acts.) 


3.  By  providing  a finlta  stopping  distance,  a he  Ism  l can  rsduce  th«  peak  acceleration  ispoeed  in  a given 
Impict,  Hots  that  the  reduced  acceleration  will  tee  applied  tor  a longer  tiae,  the  product  of  acceleration 
and  tiam,  velocity  change,  being  the  swim.  Thaae  feature*  have  been  eeen  in  the  previoue  example,  en 
increaae  in  (topping  dietance,  fmm  one  hundredth  to  one  twentieth  of  a foot,  decraeeing  the  head  accel- 
eration froa  400  to  BO  C,  though  the  duration  roae  free  1.23  to  6.25  eatc. 

The  practical  maximum  HmJ  r to  the  (topping  diateaca  which  can  be  built  into  a helmet  it  about  1 in. 
(23  on).  Much  more  than  this  and  the  helmet  becoaaa  unacceptably  bulky.  Even  thia  one  inch  ia  reduced  by 
the  relative  inefficiency  of  energy  sboorbing  aetariale,  ao  that  only  perhaps  0.6  in.  (13  am)  ia  actually 
avail^le  in  which  to  reduce  tha  relative  velocity  of  heed  and  struck  object  to  aero. 

Theru  art  two  baric  energy  ebaorbing  ayecema  which  can  be  alloyed  in  helmete,  though  many  othera 
have  been  considered.  Current  BAF  halaeta  employ  a fibreglaaa  ahell  which  breeke  up  on  impact.  The  impact 
load  ia  tranaaitted  to  tha  '.read  and  distributed  widely  by  meant  of  e suspension  harness  which  initially 
provides  an  air  gap  of  about  1 in.  Energy  is  abaorbad  by  tha  ahell  inelaatically  each  tit*  a glass-fibre 
rupturaa,  or  ia  pulled  out  of  the  resin  matrix.  Peripherally,  energy  ia  absorbed  by  crushable  foaam. 

Oae  of  this  technique  implies  a compromise  with  tha  requirement  for  a strong,  rigid  ahell.  A second 
mechaniem,  more  favoured  in  the  U.S.,  makes  use  of  a layer  of  crueheble  foam  beneath  the  shell.  These 
material*  cruah  to  about  40"  of  their  initial  thiokneaa.  However,  a stronger  shell  can  be  employed. 

Factor!  vhich  may  affect  tha  choice  of  major  energy  absorbing  system  are  eat  out  in  the  table  below. 

4.  Lest  obvious  ia  the  fact  that,  by  ebaorbing  energy  inelaatically , energy  transfer  to  the  head  is 
reduced  to  a minimum.  For  enable,  if  the  head  were  to  boimce  off  the  impacting  surface  with  a coefficient 
of  restitution  of  unity,  tha  overall  enargy  change  would  be  doubled.  This  factor  favours  the  frangible 
■hell  concept  end  tree  bran  discussed  in  detail  by  Bayne  (1969). 

3.  So  far,  uo  mention  hae  been  made  of  protection  against  rotational  acceleration.  A vary  heavy  helmet 
could  reduce  head  angular  acceleration  by  increeaing  the  inertia  of  tha  whole  head,  but  only  at  the  expense 
of  exceeeive  weight  and  en  increased  risk  of  neck  injury.  Thia  mechanism  is  never  intentionally  employed. 
However,  if  a need  strikes  a surface  at  an  acute  angle,  it  may  either  slide  along  it,  or  roll  along  it, 
depending  upon  the  friction  of  the  contact  area.  By  making  the  helmet  ahell  glassy  smooth,  and  by  elimi- 
nating external  protuberances,  the  tendency  to  slide  can  be  increased  and  rotational  acceleration  reduced. 

6,  A final  meana  by  which  the  head  could  be  protected  it  by  prevention  of  crushing  when  the  head  is 
trapped  between  two  colliding  surfaced.  This  appears  to  be  a rara  mechanism  of  injury,  however,  and  the 
ahell  would  have  to  be  very  stiff  to  add  materially  to  the  crush  retistsnee  of  the  human  skull. 

Table  1.  Comparison  of  two  energy  absorbing  systems  for  helmet  use 


A.  Crushable  foam/hard  shill 

B.  Frangible  shell/suspension  harness 

40Z  of  available  stroke  lost  by  crushed 
thicknees  of  foam. 

Some  stroke  lost  through  elastic  extension  of 
suspension  tapes. 

High  heat  load,  unices  combined  with  an  air 
gap  end  harness . 

Can  be  well  ventilated  and  cool. 

Tends  towards  a relatively  high  coefficient 
of  restitution. 

Low  coefficient  of  restitution. 

Lev  surface  friction. 

Initially  low  surface  friction  may  increase 
follcving  impset. 

Mot  easily  damaged  in  routine  use,  but  any 
damage  invisible. 

Easily  damaged  in  routine  use,  but  dam  ige 
visible . 

Capable  of  giving  good  ballistics  protection. 

Poor  ballistics  protsctlon. 

Only  accepts  one  major  impact  per  site,  but 
load  spreading  capability  remains 
un  compromised . 

Only  accepts  ons  major  impact  per  lite,  but 
subsequent  load  spreading  capability  is 
compromised. 

Tends  to  he  heavier  then  B. 

Tend*  to  be  lighter  than  A. 

Extent  of  protection 

All  the  mechanisms  for  protecting  the  heed  which  have  been  discussed  only  protect  the  etsa  actually 
covered,  and  overall  protection  ia  cosg>romieed  by  the  need  to  provide  en  adequate  field  of  vision  and 
held  mobility.  As  has  been  mentioned  earlier,  the  bones  of  the  face  ere  particularly  vulnerable  to 
injury,  though  the  eyas  are  quite  well  protected  by  the  margins  of  the  orbital  cavity. 

A particular  problem  erisei  at  the  margins  of  the  helmet,  for  here  the  shell  is  inherently  weaker  and 
tha  diecontinuity  leads  to  a local  concentration  of  stress.  Tape  suspensions  are  ineffective  at  the  hel- 
met margin  and  energy  abtorbing  foam*  have  to  be  uaed. 

Visors  are  not  considered  to  provide  a protective  capability  in  current  helmets.  Indeed,  they  ere 
generally  designed  to  be  stuck  out  of  the  way  in  en  impact  es  a broken  visor  could  do  more  damage  than 
none  at  all.  It  may  be  nosed  that  visors  are  not  covered  by  current  standards  of  heed  protection 
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(Glaistar,  1975).  This  situation  is  rapidly  changing  with  the  introduction  of  new  materials,  such  as  poly- 
propylsna,  which  do  have  a protective  capability. 

Helmet  retention 

Helmets  must  be  retained  following  a survivable  impact  so  that  protection  is  still  available  in  the 
event  of  a second  blow.  Multiple  impacts  are  not  uncommon  in  the  experience  of  users  of  RAF  aircrew  hel- 
mets (Glaister,  1974).  For  example,  on  ejection,  a canopy  strike  could  be  followed  by  a strike  against  the 
separating  seat  and  a final  ground  strike  on  landing.  Furthermore,  crashes  rarely  impose  a single  axis  of 
deceleration  and  multiple  head  impacts  are  likely  to  occur. 

The  consideration  that  neck  injuries  could  be  produced  if  the  helmet  were  too  firmly  fixed  to  the  head 
led  initially  to  the  provision,  in  the  neck  strap  of  RAF  helmets,  of  a shear  pin  designed  to  part  under  a 
load  of  130  - 150  Lb.  (580  - 670  N) . Consequent  upon  rather  frequent  helmet  losses  the  strength  of  this 
pin  was  doubled  some  four  years  ago.  The  pin  was  then  nearly  as  strong  as  the  strap  attachments  and  has 
since  been  deleted.  Helmet  losses  still  occur,  hcwever,  especially  in  high-speed  ejection.  These  losses 
may  be  accounted  for  by  a recently  demonstrated  aerodynamic  lifting  moment  which  measured  460  Lb.  (2,050  N) 
at  an  air  speed  of  600  kt  (Hawker  and  Euler,  1975).  This  force  is  shown  plotted  against  air  speed  in 
figure  3a  and,  for  comparison,  figure  3b  illustrates  USAF  helmet  loss  rates,  again  plotted  against  air  speed 
at  ejection. 


0 DO  *00  500  «0O  800  600 

Indicated  airspeed,  knots 


Indicated  airspeed,  knots 


FIGURE  3a.  Helmet  lifting  force  plotted  against  airspeed.  FIGURE  3b.  Helmet  loss  rate  plotted  against  airspeed. 

Assessment  of  protection 

The  various  standards  which  are  currently  used  by  NATO  Air  Forces  for  the  assessment  of  protective 
headgear  have  recently  been  reviewed  by  an  AGARD  Working  Party  (Glaister,  1975)  and  will  not  be  detailed 
here.  Briefly,  standards  cover  the  three  main  aspects  of  helmet  design,  namely; 

1.  Impact  protection.  The  helmet  is  struck  under  controlled  conditions  against  a flat  or  hemispherical 
anvil  and  the  transmitted  force  is  measured.  Current  RAF  helmets  are  designed  to  withstand  an  impact 
energy  of  203  J,  US  helmets  are  designed  to  withstand  multiple  impacts  of  lesser  energy  (about  120  J) . 

2.  Penetration  resistance.  The  helmet  is  struck  against  a conical  anvil  having  a 0.5  mm  radius  tip. 

In  relevant  UK  standards  the  impact  energy  is  16  J and  failure  is  either  excessive  local  deflection  of 
the  shell  (>  9.5  mm),  or  penetration.  US  standards  employ  a similar  anvil  at  29  J impact  energy,  but 
failure  is  indicated  only  by  electrical  contact  between  anvil  and  headform  (i.e.  maximum  local  deflection 
of  the  shell  plus  penetration) . 

3.  Helmet  retention.  After  a moderate  preloading  period,  the  strap  is  loaded  progressively.  Failure  is 
indicated  by  displacement  in  excess  of  25  mm  for  a load  which  is  currently  890  N (UK  standards),  or 
1,333  N (US  standards). 

In  addition,  the  standards  cover  requirements  for  such  factors  as  flammability,  extreme  cold,  heat  and 
humidity  (prolonged  soaks  prior  to  testing  as  above)  and  individual  impact  testing  of  padding  materials. 

It  must  be  noted,  however,  that  these  standards  are  drawn  up  for  civil  use  (racing  car  drivers  and  vehicu- 
lar users)  and  that  military  applications  may  compromise  some  of  their  specific  requirements. 

Windblast  protection 

tn  high-speed  ejection,  the  body  is  suddenly  thrust  into  an  airstrenm  which  can  exert  a windblast 
pressure  (<)  force)  ns  great  ns  8.9  Lb.in.“^  (58  kN  m“2)  at  600  kt . The  direct  effect  on  the  face  of  this 
pressure  causes  petechial  and  conjunctival  haemorrhages  and,  if  the  mouth  is  open  and  unprotected,  blast 
damage  to  the  lungs.  Face  protection  ia,  therefore,  essential  in  high-speed  ejection  and  may  be  provided 
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by  * MWk  and  visor,  at  by  * vltor  which  Kill  against  a he  1 mat  fit  bad  with  a chin  bar  a*  in  tha  caa«  o f 

tba  >41  type  S helmet.  Both  approach#*  hava  boon  ah  mm  to  have  tha  potential  to  protact  tha  face  in  blab* 

apaad  ejections , provided  that  polyprepylaae  viaora  of  adequate  a trength  ata  fittad. 

annual 

Claieter.D.M,  Evaluation  of  aircranr  protective  helmets  won  during  craahaa  and  ajactiona.  Hying  Per- 
sonnel Betearch  Coanittaa  laport  FPRC  1330.  Ministry  of  Defence  (dir  Force  Department):  London,  1974. 

deleter, D.H.  Standardiaation  of  i^act  taating  of  protactiva  halaata.  ACAID  laport  Mo.  629,  1973. 

Bawker.F.W.  and  4.J.  Euler.  Ixparinancal  avaluation  of  lirii  flail  initiation  and  ajaction  aaat  atability. 
la  'liodynaaic  laaponaa  to  Windblaat',  ad.  D.8.  Olaiatar.  AfiARD  Conference  laport.  In  praaa,  1973. 

Holbouro# .A.H.8.  Machanica  of  haad  injuries,  Laacat,  2431  436-441,  1943. 

Lindgran.S.O.  Bxperlnautal  atudiaa  of  nachanical  affacta  in  head  injury.  Acta  chir  acand.  avtppl.  360, 
1966. 

Liaanar.H.K.  and  E.S.  Gurdjian.  Exparlnantal  cerebral  concuaaion.  Paper  Mo.  60-WA-273  presented  at  the 

Winter  Annual  He«t tog  of  tha  Aawricau  Society  of  Mechanical  Engineer!,  Nov  27  - Dec  2,  Mew  Turk,  1960. 

Oaaaya,A.K.  and  A.E.  Hirach.  Cooperative  tolerance  for  cerebral  concuaaion  by  haad  lupact  and  vhlplaah 
injury  in  primates.  International  Autonobile  Safety  Conference  Co^iendiun.  SAB  I Maw  York,  1970. 

Kayne.J.  Tba  dynamic  behaviour  of  craih  helamt*.  RAE  Technical  Report  Ho.  69160.  Procure nant  Kxecutiva, 
Miniatry  of  Defence,  Fambcrough,  Hants,  1969. 

9wearlngen,J.J.  Tolerencee  of  the  huaaac  face  to  craeh  iapac t . Federal  Aviation  Adniniatration  Deport  No. 
AM  65-20,  1965. 

Swearingen, J.J.  Tolerances  of  the  human  brain  to  concuaaiou.  Federal  Aviation  Adniniatration  Report  No. 
FAS-AM-71-13,  1971. 

Uard,J.W.,  L.H.  Montgcm ry  and  S.L.  Clark.  A mechanism  of  concuaaion:  A theory.  Science,  vol.  107, 
p.  349,  1948. 


APPENDIX 

Converaion  factors 

-2  -2 

Gravitational  con? cant  (g)  ■ 32.2  ft.aec.  or  9.807  n.aac  . 

To  convert  ft.  to  m.  multiply  by  0.305 

" " Lb.  to  kp.  " " 0.455 

" " kp  to  N.  " " 9.807 

11  " Lb. in.-2  to  kN  m-2  " "6.895 

" " ft. Lb.  to  J " " 1.356 
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The  problem  of  noil*  In  aircraft  ii  not  mm  but  om  which  la  becoming  increasingly  important  and 
critical,  rha  complexity  of  many  modern  aircraft  naoaaaitataa  at  laaat  a cvo-amn  craw,  end  tha  relationship 
between  thaaa  oraw  members  auat  ha  ao  cloaa  that  mistakes  era  not  aada  and  time  i*  not  wasted  with  tha 
uanaoaaiaxy  repetition  of  information.  Tha  link  between  tha  crawa  imban  la  usually  affected  only  by 
mean*  of  speech,  ao  that  any  degradation  of  thia  apaach  link  la  of  vital  iaportanoa  both  to  tha  suooaaeful 
completion  of  tha  aortia  or  million  and  to  tha  livaa  of  tha  craw.  Tha  apaach  link  auat  therefore  be  rapid, 
Tillable  and  accurate.  By  far  tha  moat  slgnlf leant  factor  acting  to  degrade  the  quality  of  tha  apaach 
signal  la  the  anblent  cockpit  nolae.  It  is,  moreover,  true  to  aay  that  If  the  high  prevailing  level*  of 
aslant  noise  war*  lore  red  or  removed  that  proto  lean  of  auditory  coamnaxioation  would  ceasa  to  exist.  For 
this  reason  it  ia  important  firat  to  axamii.  • tha  nature  of  noise  in  aircraft. 

The  Source*  and  Hatura  of  Moles  in  klr or* ft 

It  ia  obvious  that  different  type*  of  aircraft  produce  different  type*  of  noiaa.  In  high  performance 
* ingle  and  two  east  aircraft  the  predominant  source!  of  safe  lent  cockpit  noiaa  are i - 

a.  Boundary  layer  noiua.  Thia  la  caused  by  the  layer  of  sir  adjacent  to  the  akin  of  tha  aircraft 
being  turbulent  causing  the  akin  and  canopy  of  tha  aircraft  to  vibrate . This  vibration  la  manifeated 
to  tha  aircrew  as  airborne  noise. 

b.  Cabin  air  conditioning  eyatama.  Cabin  air  conditioning  eye  tews  often  require  large  aameea 
of  air  to  be  forced  through  eatall  orlflcie*  and  the  turbulence  associated  with  the  pressure  drop 
across  the  orifice  Inevitably  generates  high  noiaa  lavela. 

Whichever  of  these  nolae  sources  is  more  important  depends  upon  the  type  of  aircraft,  and  on  tha  phase 
of  flight  - the  boundary  layer  noise,  for  exerple,  becoming  more  important  at  low  altitude  and  high  speed. 

In  contrast,  the  Important  sources  of  noiaa  in  helicopters  and  propallar  driven  aircraft  ora  mechanical , 
i.a.  tha  engines  and  gearboxes,  though  aerodynamic  noise  from  the  rotore  and  propellers  also  play  a 
significant  role. 

Consequently,  tha  natures  of  the  noiaa  in  the  aircraft  outlines  above  are  different,  in  tha  high 
performance  strike  aircraft  tha  noise  is  not  only  of  a high  level  (possibly  In  exoees  of  110  dB)  but  this 
high  level  la  maintained  throughout  a wide  band  of  frequencies  (for  example,  between  63  Bx  and  8 nut)  . The 
noise  in  helicopters,  though  of  an  overall  high  laval,  i*  likely  to  be  concentr-ted  toward  tha  lower 
frequencies.  Thus  while  the  noise  level  may  b*  over  100  dB  at  63  Bx  and  125  Dr  It  will  probably  have  reduced 
to  only  70  dB  at  4 KB*  and  B kBa.  There  ia  a further  difference  in  so  far  aa  tha  noiaa  in  strlka  aircraft 
la  generally  distributed  evenly  and  continuously  through  tha  adulo  spectrum,  but  the  nolae  in  helicopter* 
tends  to  be  concentrated  in  narrow  frequency  band*  (often  associated  with  tha  rotation  of  individual  gears  in 
the  power  train) . 

minimising  tha  ambient  noiaa  level  is,  of  course,  important  and  can  ba  affected  by  aoew  or  all  of  tha 
following  means : - 

a.  Maximising  tha  canopy  thickness. 

b.  Dasping  tha  walla  of  tha  crew  compartment. 

c.  Smootl.»ng  tha  boundary  layer  by  removal  or  radaalgn  of  excreaence*. 

d.  Bnauring  proper  design,  and  minimising  the  man  flow  of  air  through  the  cabin  conditioning  system, 
a.  Proper  design  and  maintnnanc*  to  smooth  tha  operation  of  mechanical  points. 

In  practica,  however,  xt  la  of tan  difficult  to  produce  significant  reductions  in  asbient  nolee  without 
incurring  other  unacceptable  penalties,  particularly  in  terms  of  Increased  weight.  It  is  therefore  important 
to  atteapt  to  isolate  man  as  far  as  possible  from  the  noiaa  in  hie  environment  and  thia,  of  course,  ia  tha 
role  of  the  personal  equipment. 

Paraonal  Equipment  and  Communication 

a.  Oxygen  Mask  Microphone* 

It  is  perhaps,  surprising  that  tha  attnauation  of  oxygen  masks  is  not  of  crucial  iag>ortanc*.  Thia  ia 
bacaua*  although  an  oxygen  mask  ia  a poor  attanuator  (and,  at  certain  frequencies  may  actually  amplify  the 
anbiant  noise)  tha  speech  signal  luaide  tha  mask  ia  of  vary  high  level,  h given  vocal  output  which  would 
register  about  75  dB  at  I metre  from  the  lips  in  a free  field,  may  produce  a sound  preaaura  leval  in  excess 
of  120  dB  Inside  the  confined  volume  of  an  oxygen  maak.  Tha  consequence  of  this  i*  that  even  in  a very 
noisy  aircraft,  the  level  of  aircraft  noiea  ineldm  tha  maak  la  llkaly  to  be  at  laaat  15  dB  below  tha  level 
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of  the  speech  signal.  All  difference  In  levels  Ha  perfectly  adequate  to  convey  intelligible  speech , a a 
la  any  difference  in  mmm  of  about  LX  St  at  thia  paint. 

b.  Other  Kicrcphcmma 

* 

In  aircraft  where  oxygon  masks  arc  not  uaad.  non  severe  problems  rxist.  They  are  only  avor  partially 
ovarooma  by  the  uaa  of  throat  microphones  or  noiaa-oaoco  1L ing  boon  microphones.  Throat  microphones  work 
by  pressing  tho  transducer  againat  tha  larynx.  Thoy  art  extremely  roaiotant  to  aslant  noiaa  but 
isifortuaately  aro  rather  poor  transduoera  of  a pooch  aa  thoir  location  prevents  than  fron  being  aonoitivo  to 
■any  "formants’  of  speech  that  are  not  produced  in  the  throat  (e.g.  the  "voiced"  parte  of  » patch) . 

boiee  cancelling  booai  ndcrophcnes  on  tha  other  hand,  ate  good  speech  transducers,  but  are  relatively 
sensitive  to  Mill  ant  noiae.  (there  are,  therfore,  clear  cut  penal tiaa  and  advantages  associated  with  each 
of  theae  type*  of  microphone  and  the  choice  will  depend  on  the  specific  microphone*  available,  the  aircraft 
being  flown,  end  tha  preference*  of  the  crew. 

a.  headgear 

Ike  point  other  than  tha  mouth  at  which  ambient  noise  oan  enter  the  oo—varl  cations  ayataa  ia,  ot  course , 
at  tha  ear.  At  this' point.  In  order  for  the  » peach  signal  to  bo  intelligible,  its  long  term  "aver ego" 

(root  -seen  equate)  value  should  exceed  tho  ambient  noiaa  level  at  tha  ear  by  at  lecat  9 or  10  da.  Thia 
difference , however,  cannot  aiaq>Ly  be  achieved  by  increasing  tha  level  ot  tha  a peach  signal  tor  two  reasons . 

The  first  la  that  when  approeoning  levels  of  100  dB  at  tha  oar  tha  aural  reflex  playa  a significant  part 
in  protecting  the  inner  oar  by  preventing  those  high  energy  levels  being  traxumittad  to  it.  Thua  a Measured 
difference  between  signal  and  noise  (signal  ■ noise  ratio)  at  hi£>  levels  aay  not  produce  the  a esse  result  In 
torus  of  intelligibility  as  that  aaaa  signal  noise  ratio  at  lower  sound  pressure  levels.  The  second  reason 
Is  that  a definite  maalmnm  level  exists  at  which  tha  speech  signal  aay  be  presented  If  ear  daaege  la  to  be 
avoided.  Deciding  what  this  level  should  be  Is  difficult  and  depends  upon  a matter  of  factors.  Hols#  'doss' 
la  a cumulative  quantity  In  aa  much  aa  a short  axpoaurs  to  a high  level  of  noise  will  squats  in  damage  rink 
terms  to  a longer  exposure  tv  a lower  level,  and  the  risk  of  damage  of  course , incraaaas  with  increase  of 
doe a . ways  of  calculating  noise  doee  and  associated  risk  era  clearly  set  out  in  ISO  recomuendatlon  R1999 
and  other  similar  documents,  but  It  la  up  tc  Individual  organisations  to  decide  what  level  of  damage  risk 
la  acceptable  for  aircrew.  Generalising  very  broadly  however,  It  is  possible  to  say  that  it  is  unsatisfactory 
to  produce  signal  level*  at  the  car  much  In  sxcesa  of  100  dB. 

It  la  therefore  a clear  requirement  of  tha  headgear  to  reduce  the  ambient  noise  level  to  at  least  10  dB 

below  this  figure  of  LOO  dB,  and  this  task  presents  soma  difficulty  In  certain  situations  - especially  when 

tha  situation  la  examined  more  closely.  This  ic  because  the  attenuation  of  any  flying  he  Ism  t or  other  ear 
protector  increases  with  increasing  frequency.  Thus  the  attenuation  of  a typical  device  mey  vary  between 
5 dB  to  10  dB  et  63  Ha  and  1XS  8s  up  to  over  40  dB  at  4 XHs.  However,  the  frequency  band  over  which  aircraft 
communications  systems  operate  is  limited  frost  about  300  Hx  to  3 KBs  - this  being  tha  frequency  domain  in 
which  tha  information  bearing  parte  of  speech  ore  carried.  Tha  attenuation  of  the  flying  helmet  considered 
above  may,  on  soma  wearers,  be  little  more  then  10  d*  in  this  frequency  region  end  thus,  in  an  aircraft  with 

am  aafcisut  noise  level  of  over  110  dB  et  these  frequencies,  the  helmet  cannot  reduce  tha  noiaa  level 

sufficiently  to  enable  an  intelligible  signal  to  be  presented. 

The  attenuation  of  flying  helmets  la  therefore  most  critical  and  much  reoent  effort  in  the  design  of 
new  flying  be 'mete  has  been  devoted  to  maximising  the  amount  of  nclae  exclusion  which  they  provide. 

Intelligibility  Assessment 

Considerable  mention  has  been  made  above  of  the  Intelligibility  of  communications  aystema.  Tha 
Intelligibility  of  a given  system  depends  on  a number  of  factors . The  primary  one  is  tha  difference  between 
the  levels  of  speech  and  of  the  noise  interfering  with  it.  This  la  particularly  true  at  certain  frequencies 
(for  example  In  tha  octaves  centred  on  500  He,  1 KBe,  end  2 KHsl  , end  this  fact  is  exploited  by  techniques 
like  the  Articulati on  Index  which  use  tha  difference  between  the  speech  and  noise  levels  In  certain  octave 
bands  In  a simple  calculation,  the  result  of  which  gives  an  indication  of  tha  quality  or  intelligibility  of 
tha  speech. 

There  are  however  other  factors  influencing  the  Intelligibility  level  attained,  including  the  else  of 
the  vocabularly  In  use,  the  listener ’ a experience  of  the  speaker,  and  ao  on.  In  aviation,  the  vocabularly 
aise  ia  usually  limited,  with  consequential  high  intelligibility,  but  Important  situations  any  arise,  for 
axaapla  between  a forward  air  controller  and  ground  attack  aircraft,  where  a large  vocabularly  sire  must 
be  used,  end  consequently  e large  signal  noise  ratio  ia  required  in  order  to  maintain  adequate  intelligibility. 

However,  in  testing  system*  It  la  difficult  to  determine  what  level  of  intelligibility  la  the  minimum 
acceptable . xt  la  easy,  using  standard  Intelligibility  teats  (in  wtiioh  some  speakers  simply  read  a Hat  of 
words  carefully  selected  for  thsir  phonetic  constitution  to  a sat  of  listeners)  to  cuapare  one  system  with 
another,  or  to  evaluate  possible  Improvements  to  a system.  Tha  problem  lisa  in  determining  what  ia  adequate, 
and  thia  ia  complicated  by  the  fact  that  what  la  adequate  on  the  ground  ia  unlikely  to  be  adequate  In  the  air. 
It  is  perhaps  intuitively  obvious,  but  ha*  also  reoently  been  shown  to  ba  demonstrably  true  that  s lapis 
pmychomntor  workload  can  produce  large  affects  on  auditory  processing  capacity  even  when  Che  sleepiest  kind 
of  auditory  ooaansUoaticoa  task  Is  used,  the  affects  of  environmental  stress  on  communications  task  may  be 
guessed  at  but  are  sa  yet  unresa arched , though  it  ia  unlikely  that  the  presence  of  heat,  anxiety,  vibration 
sad  all  other  stresses  to  whiab  aircrew  are  exposed  will  improve  their  capacity  for  comprehending  auditory 
cosmsani  oationa. 
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Tha  abota  rapraaant#  * briaf  outltn*  of  tha  important  aapacta  of  auditory  cnwti mvicatlona  in  aircraft 
for  oooaidaration  by  bran  factor*  worfcara.  it  i*  likaly  that  aircraft  will  bacea*  aolaiar  aa  tha  parforaano* 
danand*  aada  on  than  inoraaaa,  and  that  way*  of  Uvcoving  paraonal  aqnlpaant  and  coiaauntcatloc*  ayataaa,  and 
■athoda  of  evaluations  tha aa  iaprovaamta  will  cooaaquantly  necoaa  lncraaaingly  important.  It  it  poaalbla 
that  in  th*  long  tara,  radically  naw  foraa  of  tranaduoart  will  bacoaa  available,  that  alactronlc  davica* 
ourrantly  uadar  davalopaant  will  ba  uaad  to  provide  active  "antiptia**"  rtolaa  auppraaaion  at  tha  oar,  and 
that  sophisticated  foraa  of  automatic  gain  controla  coatolnad  with  vole*  op«rat*d  awitching  of  uc—iiiloatlona 
ayatane,  will  go  a long  way  toward  aclving  tha  problan.  in  tha  forsaeabla  futura  hovavar , tha  task  of  tha 
huaan  factor*  worker*  in  tha  flald  of  cownuni cation*  way  ba  ragardad  aa  striving  to  maintain  the  acoaptabla 
rathar  than  purauing  perfection. 
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This  paper  diiouiiai  tha  major  ocular  haaardi  anoountarad  in  ailitary  aviation  and  describee  aoaa 
protactiva  aaaaurai  which  aay  ba  adoptad.  Tha  haaardi  conaidarad  ara  solar  glare,  bird  • trike,  wind 
blaat,  miniature  detonating  cord,  laaara  and  nuclear  flash. 

IMTBODUCT10N 

Kacluding  aganta  of  ahamlcai  warfare  tha  moat  Important  ocular  haaardi  anoountarad  in  military 
aviation  fall  into  thrae  catagoriaa.  Solar  glare,  trauma  and  high  anargy  light.  Protective  davieaa  against 
tha Be  hazards  must  ba  compatible  with  existing  aircrew  equipment  eesetfcllee  and  not  inhibit  the  safe  and 
efficient  performance  of  aircrew  taaka. 

Solar  Clara 

Protection  againet  the  discomfort  and  tha  reduction  in  visual  acuity  caused  by  glare  from  direct, 
reflected  or  acattered  sunlight,  is  essential.  In  transport  aircraft  where  alow  donning  and  doffing  is 
not  a problem  such  protection  may  ba  provided  by  sunglasaea.  In  high  performance  aircraft  where  protective 
helmets  ere  worn  photo  stress  is  usually  avoided  by  means  of  a tinted  visor  whloh  ie  integral  with  tha 
flying  helmet.  Tha  visor  should  ba  capable  of  adjustment  by  tha  waarar  to  provide  protection  against 
external  glare  sources  whilst  permitting  a view  of  his  lnstruemntation  below.  In  the  fully  lowered  position 
the  vlaor  should  be  capable  of  preventing  the  ingress  of  all  unfiltered  light. 

The  filter  for  use  in  the  aviation  environment  should  have  e luminous  transmittance  of  between  10-154 j 
a transmittance  significantly  higher  being  only  of  cosmetic  value.  The  densities  of  tha  filter (s)  before 
eaoh  eye  should  be  closely  matched  to  evoid  falee  projection  (Pulfrich  Effect) . The  tint  muet  be  neutral 
to  avoid  adverse  effects  on  colour  discrimination  particularly  the  recognition  of  red  warning  signals . Aa 
discomfort  from  glare  la  eliminated  it  la  important  to  ensure  that  infra  red  wavelengths  outside  the 
visible  band  (800-1400  run)  ara  also  attenuated  to  avoid  the  possibility  of  retinal  barm . 

As  with  all  tranaparanolea  interposed  between  aircrew  and  the  external  scene  care  muet  be  taken  to 
ensure  that  tha  field  of  riaw  ia  aa  wlda  aa  poaaibla,  and  that  tha  optical  properties  and  the  physical 
prr  maters  conform  to  specification. 

Birds trike 

Protection  of  the  face  against  blrdatriks.  Fig.  1.  Tha  hasard  cf  birds trike  ie  always  preaant  during 
flight  (both  day  and  nig^it)  at  low  lavel.  Approximately  854  of  birdstrika  in  tha  UK  occur  at  altitudes 
baicw  500  ft  agl  whilst  only  74  occur  at  altitudes  shove  1,000  ft  agl.  Tha  incidence  of  blrdetrlXes  in 
lew  level  flight  is  such  that  a hit  in  tha  cockpit  area  ia  a relatively  common  emergency  (with  reepectafco 
the  various  emergency  functions  to  ba  provided  by  headgear)  . Whenever  possible  the  strength  of  cockpit 
transparencies  should  be  such  that  they  vlll  not  shatter  when  a bird  ie  hit.  The  strength  necessary  to 
meet  this  requirement  when  an  aircraft  flying  at  high  speed  hits  a heavy  bird  aay  however  be  prohibitive. 

If  practical,  secondary  protection  to  tha  aircrew  should  ba  given  by  a tough  screen  mounted  within  tha 
cockpit.  Again  however  this  requirement  may  ba  incompatible  with  other  functions,  e.g.  external  vision, 
escape.  Furthermore  there  are  many  aircraft  in  service  at  present  in  which  protection  of  this  type  is 
not  provided  and  yet  they  are  being  operated  at  high  speed  it  low  level.  Mher.  s bird  Impact  occurs  onto 
a cockpit  transparency  both  pieces  of  the  bird  and  splinters  (some  of  them  large)  of  the  transparency  fly 
towards  the  head  and  shoulders  of  tha  aircrew  member.  The  pieces  of  aircraft  canopy  In  particular  are 
propelled  towards  the  face  of  the  occupant.  Tha  moat  vulnarable  organ  la  the  aye  and  temporary  or  even 
permanent  blindness  aay  follow  a birdstrika  in  the  cockpit  area.  In  the  absence  of  other  forms  of 
protection  (strong  transparencies  or  Internal  cockpit  acraena)  a helmet  mounted  visor  made  of  a strong 
transparent  material  such  as  polycarbonate  (3  mm  thick)  ia  essential  for  aircrew  operating  at  high  speed 
at  low  altitudes.  Tha  visor  should  protect  all  tha  uncovered  area  of  tha  face  as  wall  aa  tha  eyes.  Thus, 
the  lower  edge  of  tha  polycarbonate  visor  should  abut  closely  (less  than  5 on  gap)  against  the  oronasal 
mask.  Aa  there  is  virtually  no  hasard  of  birdstrika  above  2,000  ft  agl  tha  crew  msatoer  should  be  able  to 
remove  tha  polycarbonate  visor  from  in  front  of  his  eyes  when  flying  above  this  hal^tt,  aloes  any  layer  in 
front  of  tha  eyas  produces  a small  but  significant  impairment  of  vision.  Whilst  it  is  desirable  that  the 
user  should  ba  able  to  lock  the  polycarbonate  visor  in  the  down  position  for  blast  protection,  thero  Is  no 
requirement  to  be  able  to  position  it  in  any  position  other  than  fully  up  or  fully  down.  Although  It 
would  simplify  and  lighten  the  headgear  if  the  atrong  polycarbonate  visor  could  also  act  as  tha  antiglare 
vlaor  there  ara  many  flight  conditions  in  which  birdstrika  protection  ia  required  without  the  antiglare 
function  e.g.  low  level  flight  at  dusk  and  night.  A dual  visor  system  is  therefor*  essential  whirs 
birdetrike  and  glaxa  protection  ere  required.  Fig.  2. 
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Blue  Protection 

The  httl  la  exposed  bo  vary  high  aerodynamic  forces  on  ejection  at  high  apaad.  Thaaa  aerodynamic 
forces  i apart  vary  hl^i  angular  accelerations  to  tha  haad  and  impact  tha  hand  against  tha  aaat  at  high 
velocity . in  addition  tha  blaat  may  damage  tha  tiaaoaa  of  tha  faoa,  in  particular  tha  ayaa,  by  oauaing 
groaa  diaplaoaacnt  and  return  of  tiaauaa.  Furthermore  tha  blaat  may  diaplaca  tha  haadgaar  which  uy  wall 
than  ba  loat  altogathar.  Protection  againat  tha  af facta  of  blaat  on  ajactlon  lncludaa  tha  retention  of 
the  headgear  end  the  prevention  of  dasrnga  to  tha  uncove  rad  portiona  of  tha  face  and  neck.  Retention  of 
headgear  is  necessary  in  order  to  provida  lapaot  protaction  to  the  haad  during  tha  subsequent  stages  of 
tha  ajactlon  sequence  and  the  delivery  of  oxygen  to  the  ejeotee  after  escape  at  altitudes  above  25,000  ft. 

Tha  UK  approach  to  the  blast  problea  la  to  rely  on  the  protection  given  by  the  rigid  flying  he  hast 
which  ie  provided  with  a strong  chin  strap  and  oxygen  mask  suspension  ays  tea.  The  eyes  are  pruteoted  by 
the  polycarbonate  visor  which  aust  ba  lucked  down  on  ajactlon.  Dili  ay  a ten  provides  adequate  protection 
againat  blast  up  to  £00-650  knots. 

Miniature  Detonating  Cord 

Boom  aircraft,  notably  tha  harrier , are  fitted  with  Miniature  Detonating  Coad  (MDC) . this  device 
consists  of  an  explosive  charge  contained  within  a lead  coat  which  la  applied  to  tha  underside  of  the 
canopy,  rig.  3.  On  ejection  MDC  shatters  tha  canopy  into  relatively  aatall  fragments  prior  to  the  aircrew 
leaving  tha  cockpit.  The  davioe  has  proved  to  be  of  great  value  in  minimising  personal  and  equipment  i 

deauge  or  a through  canopy  ajactlon. 

There  have  been  a number  of  occasions  on  which  lead  spatter  from  MDC  has  caused  superficial  damage  to 
the  face  and  eyes.  The  most  severe  damage  has  been  corneal  penetration  to  a dpeth  of  .3  am  by  small 
particles  of  lead.  Fig.  4.  In  this  example  tha  pilot  had  hie  vlaor  olevatad  end  deliberately  kept  his 
eyei  open.  It  la  considered  unlikely  in  the  extreme  that  any  ocular  damage  will  result  if  tha  vlaor  ie 
lowered  end  the  eyes  are  cloead.  In  order  to  prevent  lead  spatter  tracking  down  tha  inner  surface  of  tha 
visor  various  guards  have  been  developed  both  solid  and  of  foam  plastic,  thaaa  devices  may  have  the  adverse 
effect  of  increasing  visor  misting. 

Lasers 

Laaera  are  devices  which  produce  beams  of  monochromatic  light  which  ara  usually  of  email  diameter. 

Intense  and  highly  collimated.  The  energy  density  within  the  beam  only  daoroaaes  slowly  with  Increasing 
distance  from  tha  laser.  Tha  eye  haa  tha  ability  to  focus  the  collimated  beams  of  sows  lasers  and  to 
concentrate  tha  energy  into  esmll  image  sixes  on  the  retina.  Fig.  5.  Thus,  lasers  can  damage  ayes  at 
considerable  distance  from  the  source. 

Neodymium,  gallium  arsenide  and  ruby  lasers  which  emit  at  1060  nm,  900  nm  and  694.3  na  respectively 
are  the  most  1 important  lasers  encountered  In  military  aviation.  Tha  applications  of  these  lasers  Include 
ranging  and  target  illisfdnation. 

Laser  protection  is  best  provided  by  the  adoption  of  cafe  working  distances.  STARTS  3606  gives 
guidance  as  to  the  mothod  of  calculating  tha  Nominal  Ocular  Hazard  Distance  (NOBD) . It  swat,  however,  be 
realised  that  the  calculated  NOHD  does  not  make  an  allowance  for  atmospheric  conditions  giving  rise  to 
'hot  spots'  or  for  intra  beam  viewing  using  optical  instnasanta  with  a magnifying  effect.  Tha  necessity 
for  pilot  protection  from  his  own  laser  is  debatable.  The  likelihood  of  a specular  reflector  In  the  range 

area  orientated  normal  to  the  beam  must  be  small,  tha  probability  has  been  calculated  as  less  then  10"*. 

Should  such  a reflector  be  present,  its  reflectivity  at  the  laser  wavelength  is  not  likely  to  bw  high.  It 

la  considered  that  pilot  protection  is  not  necessary  provided  the  target  and  surrounding  area  do  hot 

contain  specular  reflectors  e.g.  windscreens. 

Where  protection  is  considered  necessary  this  may  be  provided  by  goggles  or  visors  with  the  requisite 
optical  density  at  tha  laser  wavelength.  Care  must  be  taken  to  ensure  that  the  luminous  transmittance , 
effect  of  the  tint  on  colour  recognition  and  optical  properties  of  any  protective  device  are  adequate  for 
the  teak. 

Nuclear  Flesh 

The  fireball  resulting  from  a nuclear  explosion  is  capable  of  producing  direct  and  indirect  flash 
blindness  and  indeed  aay  cause  a retinal  burn.  By  day  the  small  pupillary  diameter  and  tha  optical  blink 
reflex  should  prevent  retinal  burns  at  distances  at  which  survival  is  possible.  Similarly  Indirect  flash 
blindness  from  scattered  light  within  the  atmosphere  and  tha  globe  itself  does  not  pose  a problem.  Direct 
flash  blindness  from  tha  image  of  the  fireball  on  tha  retina  is  difficult  to  avoid,  but  again  at  survival 
distances  tha  irradiated  eras  will  be  small.  Even  in  the  worst  case  of  the  fireball  being  imaged  on  the 
oaaule,  para  macula  vision  should  allow  all  vital  flight  procedures  to  continue.  At  night  with  s dilated 
pupil  the  situation  is  much  worse.  Retinal  bums  arc  possible  and  more  importantly  from  the  operational 
stand  point,  indirect  flash  blindness  nay  deprive  the  aviator  of  all  useful  vision  for  unacceptably  long 
time  periods.  In  short,  protection  against  nuclear  flash  it  not  requi red  by  day  but  it  vital  at  nltfit. 

(Voe  at  si,  1964). 
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A masher  of  protective  measures  have  been  proposed.  if  to  exterior  view  is  not  required  or  only 
requited  infrequently  it  would  be  possible  to  cover  sll  trsnsparsnciaa  with  opequa  blinds.  It  has  been 
advocated  that  filters  with  a fixed  1-31  lvmlnoua  transmittance  be  von  but  these  are  not  necessary  by  day 
and  axe  of  Halted  value  at  ni£)t.  Another  suggestion  has  been  an  eye  patch  which  say  be  reeoved  when 
one  eye  has  been  affected,  but  this  la  essentially  a ten  abet  dairies.  Mbat  is  required  is  a visor  which 
could  be  worn  at  all  time  when  nuclear  flash  ia  a possibility . This  visor  should  have  a very  high  1 mi  nous 
transmittance  when  'open'  and  a very  low  tranaeittaoce  whan  activated  by  a nuclear  flash,  clearing  rapidly 
whan  tha  flash  is  reeoved.  the  visor  should,  preferably,  be  sad*  of  polycarbonate  or  other  hijfi  impact 
resistance  ester is 1 so  that  it  eay  replans  the  one  intended  for  bird  strike  protection  in  the  duel  visor 
system.  yhotoohromio  co^ounds  are  being  developed  which  go  sosss  way  to  easting  these  criteria.  These 
compounds  axe  activated  by  the  ultra -viol  at  component  of  the  nuclear  fieri)  and  dnrkan  rapidly  to  provide 
optical  densities  of  approximately  2.  They  clear  rapidly  following  tha  flash  but  my  produce  an  afterglow. 
The  spectral  absorption  my  not  cover  tha  total  deal  red  range  of  4001400  na  but  can  be  centred  where 
desired  and  sideband  filters  added.  These  coapounda  have  been  doped  in  acrylic  where  their  useful  life  Is 
Halted  due  to  oxidation,  successful  doping  of  polycarbonates  has  not  yet  been  achieved.  The  Boat  promising 
host  mterlal  to  date  is  spoxy  resin  where  tha  shelf  life  is  unlimited.  Bpoxy  resin  may  ha  laminated  with 
polycarbonates  to  produce  tha  necessary  impact  resistance* 

An  alternative  United  States  approach  is  to  use  an  electro  optic  shutter  of  leal  Lanthanum  fir  const* 
Titans te  in  a ceramic  wafer  (PUT)  . Tills  device  reacts  within  a few  microseconds  to  produce  optical 
densities  in  excess  of  3. 

Although  these  characteristics  appear  ldaal  PLsrr  has  two  disadvantages . Tha  open  state  luminous 
transmittance  is  low,  about  22a,  and  it  would  ba  difficult  and  expensive  to  form  into  e curved  visor. 
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SUMMARY 

Tha  poaaibla  applicatiooa  of  helmet  mounted  alghta  and  displays  ara  conaldarad.  Iriaf  datalla  of 
tha  software  and  hardware  problems  which  nay  ha  experienced  with  auch  systems  ara  given  before  outlining 
in  Bora  detail  tha  paychological  problems  encountered.  The  manner  in  which  the  rata  of  viaual  informs- 
tion  proceeeing  by  the  pilot  Bay  be  increased  by  varying  phyalcal  perimeters  ia  dlacuaaed. 

IMTROO'JCIIOH 


Modern  high  apeed  fightera  ara  required  . to  operate  in  altuatlona  in  which  tha  pilot  not  only  hae  to 
endure  high  phyalologlcal  etreaa  but  alao  ha a to  work  at  tha  limits  of  hia  mental  capacity.  It  haa  long 
been  r tallied  that  tha  human,  avan  whan  highly  trained,  ia  Halted  in  hia  ability  to  take  in  information 
through  tha  peripheral  aenaory  organa  and  proceaa  it  centrally  within  tha  brain  (Broadbant,  1971; 

Cherry,  1953;  Moray,  1969;  Trietnan,  1969).  The  ttnaory  nodal itlai  arc  not  Mutually  axclualva,  In  that 
they  raly  upon  tha  fane  central  procaaaor,  coneaquantly  eystems  which  radia tribute  aenaory  information 
acroaa  the  modalitiaa  do  not  nacaeaarily  Improve  the  rate  of  information  intake.  It  he.  been  estimated 
that  within  the  flight  environaent  more  then  90X  of  flight  information  ia  taken  in  through  the  viaual 
system,  thua  ayataau  which  ara  able  to  preaent  viaual  information  more  concisely  to  the  pilot  reduce  hia 
information  load. 

Tha  development  of  high  luminance  cathode  ray  tubed  (CRT’ a)  haa  encouraged  tha  production  of  tha  now 
familiar  head-up  and  haad-down  display!  (HUD  and  HDD,  reapectivaly) , which  preaent  computer  generated 
symbolic  information  to  tha  pilot  or  navigator  auperlapoeed  elthar  directly  on  the  outside  world  (HUD)  or 
a TV  generated  image  of  tha  latter  (HDD).  HUD 1 a and  HDD's  are  at  preaent  employed  In  a maabei  of  roles 
deaignad  to  improve  the  pilot's  afflciency  and  extend  the  operating  range  of  hia  visual  system,  Theee 
roles  includa  present log i- 

a.  Avionics  symbology. 

b.  Weapon  aiming  symbology. 
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c.  Low  light  TV  generated  images  of  the  outside  world  for  night  flying. 

Inevitably  hardware  problems  have  repeatedly  hamparad  tha  successful  application  of  the  above 
Ulaplay  techniques,  but  more  recently  Improved  CkT's  and  ateociated  optica  have  permitted  reliable 
systems  to  ba  produced.  However,  although  many  of  tha  hardware  problems  may  have  bean  surmounted,  tha 
software,  the  display  format  Itaalf,  is  proving  a auch  more  complex  problem,  especially  as  more  and  more 
information  ia  being  displayed.  The  problem  is  OM  of  whatT  when?  whare7  and  howl  should  information  be 
displayed  to  tha  pilot  to  Improve  his  efficiency. 

HELMET  MOUNTED  DEVICES 

By  positioning  small  optical  davicas  proximal  to  tha  aye  it  la  poaaibla  to  subtend  visual  angles 
at  tba  aye  far  greater  than  those  possible  from  much  larger  davicas  on  tha  inatrosent  panel,  Thus  a 
small,  lightweight  display  curvied  on  tha  halaat  aay  partially  or  totally  replace  tha  necessity  for  a 
larg',  heavy,  apace  consuming  HUD  or  HDD  In  uartaln  conditions  sod  supplement  it  in  other*, 

software  and  hardware  problems 

Many  <f  tha  software  problasa*  associated  with,  such  displays  trs  similar  to  those  encountered  with 
HUD a and  HDDs,  however , a boat  of  nans  hardware  and  psychological  problems  trise.  Briefly,  the  hardwire 
problaan  are  related  to  tha  rola  envisaged  for  tha  display.  Simple  filament  or  light  omitting  diode 
sights  and  displays  pose  problem*  far  lasa  severe  to  those  encountered  for  complex  ratter  generated 
displays.  Tha  former  ara  by  their  very  nature  small,  lightweight  davicas  which  can  It  intugrated 
relatively  easily  into  tha  helmet,  although  tha  optical  Interface  to  tha  pilot  la  by  no  me*ns  simple. 

The  visual  information  must  ha  raflected  into  tha  aye  or  ayos  either  from  tha  inner  surface  of  the  viaor 
or  a small  additional  reflector  held  in  front  of  tha  aye.  Similar  optlctl  interfacing  is  t squired  for 
tha  raster  display , however  where  and  bow  to  house  tba  miniature  CRT  may  ba  a major  problem.  Carrying 
tba  CRT  on  or  within  tha  structure  of  tha  hairnet  increaoes  tha  overall  weight  of  the  helmet  end  any 
eccentric  loading  nay  increase  neck  fatigue  in  tha  pilot  and  introduce  a potential  ejection  hexard. 

Positioning  the  CRT  remote  from  tha  head  but  optically  coupllnp  it  to  tha  bead  by  fibre  optics  is 
accompanied  by  a detriment  in  optical  resolution. 

PSYCHOLOGICAL  PROBLEMS 
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! ittics  of  tha  task  la  which  tha  hardware  la  to  ba  employed,  The  simple  halaat  mounted  sight  (MS)  la  of 

j llttla  ua*  to  the  pilot  unless  it  caa  ba  linked  to  eon*  servo  controller  within  tb*  airframe  which  la 

i capable  of  positioning  tka  tight  image  over  tha  target  to  ba  attacked  or  whose  navigation  co-ordinates 

| era  to  ba  stored  within  tha  c omputar . Tha  solution  adopted  ia  to  anploy  a fixed  tight  of  small  exit 

| pupil  and  usa  tha  Halnat  aa  tha  controllar.  Thus  bp  moving  tha  haad  to  position  tha  sight  ovar  tha 

targat  and  maasutirg  tha  aaisauth  and  alavation  angles  of  the  halnat  slsccro-optlcally  it  is  poaaible  to 
compute  tha  targat'o  position  ralatlva  to  tha  vlrfraaa,  avaa  at  larga  offaat  ant  las  far  bsyond  tha  Units 
1 of  eonvantional  HUhs  sad  ®0s.  This  hoed  position  sensing  davioa  is  fundamental  to  any  halnat  noun  tad 

sight  systm  and  is  important  la  overcoming  sons  of  tha  psychological  problems  inharsnt  in  halnat  aouatau 
disp'  ya  (AC’s).  Tha  technique  raKa*  upon  a good  positlva  fit  hatvsan  tha  halnat  and  tha  head  of  tha 
pile:. 

< (i;  Bead  Motion  and  DLaoriontatlon 

! Tha  human  haad  can  ba  rapidly  positioned  with  reasonable  prsclrlon  in  t no  vibration  environment, 

j loaner,  in  tha  flight  environment , particularly  at  low  altitude,  transmission  of  vibration  to  thu  haad 

I requires  tha  halnat  asimuth  and  elevation  anglas  within  tha  servo  loop  to  ba  transformed  to  reduce  tha 

| errors  caused  by  involuntary  haad  notions.  This  transformation  aa-/  b»  achieved  either  by  filtering  or  by 

introducing  diffacant  non- linear  control  to  display  ratios  between  helmet  and  target  sensor  into  tha 
I control  loop  at  different  phases  of  tha  task, 

i 

Simple  Ms  present  static  symbol!:  information  to  tha  pilot.  Tha  presence  of  horlsontal  and 
vertical  Haas  within  tha  display  era  potentially  diaoricuting  at  low  altitudes  aa  they  are  atabillewd 
ralatlva  to  tha  haad  and  their  visual  movement  nay  conflict  with  that  of  tha  horlson  of  tha  outalde 
world  and  vestibular  motion  cues.  This  problem  becomes  ,*are  narked  in  raster  displays  where  there  My 
be  both  visual  noyau  in  t within  the  display  and  between  the  display  and  tha  outside  ws.rld,  Tha  affect  la 
perticulaily  narked  in  tha  roll  salt.  Thais  df soritnlatiuru  nay  ba  reduced  if  not  el la looted  by  feeding 
hack  be  heat  angles  to  tha  symbology  to  partially  stabilise  it  relative  to  tha  alrframa. 

(ii)  Information  Processing 

Early  rsster  display,!  vers  assigned  under  tha  uisappraLsaeion  that  if  different  visual  information 
wars  prtsontsd  independently  but  simultaneously  to  tha  two  eyes  both  channels  of  infotmati  n coaid  he 
processed  simultaneously  by  the  central  processor,  ths  brain.  It  has  already  been  stated  that  cos  humus 
ie  limited  In  its  ability  to  take  in  and  process  sensory  information  and  in  tha  above  situation  the  brain 
is  unable  to  process  tha  two  channels  of  visual  information  slmt Itansoualy  in  a parallel  manner ■ Bather, 
sequential  processing  occurs,  tha  brelo  oscillating  at  low  frequency  between  tha  two  channels  of  visual 
lnformrtion,  sampling  from  both  channsls.  This  phenomenon  is  knouu  sa  binocular  rivalry  and  Invol  ea  a 
shift  of  attention  from  one  information  channel  to  tha  other, 

(ill)  binocular  Rivalry 

factors  Affecting  Rivalry 

Binocular  rivalry  ta  a complex  phenomenon  (Ogle,  1866;  Lave it , 1865),  tha  rata  of  attention  shifting 
being  determined  by  tha  interaction  of  several  physical  parameters.  These  include  the  ralatlva  taimaatchaa 
in  (a)  1 (Ml nance;  (h)  colour;  (c)  accoam  edition;  (d)  image  complexity;  (e)  image  magnlf lcttlon  and 
(f)  field  of  view  across  tha  two  eyas.  In  normal  binocular  vision  ths  above  perimeters  are  very  nearly 
[-]■  aqi-lvalant  across  ths  two  eyes.  However , in  existing  displays  rarely  ia  more  than  one  of  these  five 

major  parameters  equivalent . 


Tha  available  high  luminance  CRTs  are  unable  to  produce  luminances  anywhere  rear  equivalent  to  those 
experienced  from  reflected  sunlight.  The  light  transmitted  from  tha  CRT#  is  also  usually  Confined  to  tha 
green  portion  of  tha  spectrum.  Tha  image  presented  on  the  display  can  taka  many  forma  ranging  from 
simple  symbology  to  complex  symbology  to  a magnified  TV  image  of  a portion  of  the  outside  world  Which  may 
or  may  not  ba  aligned  with  tha  portion  of  tha  outsiJa  world  being  viewed  directly  by  tha  non-display  ays 
and  which  xsy  or  may  not  have  vymbology  superimposed  upon  it.  Tha  displayed  information  can  ba  focused 
at  infinity  or  at  any  suitable  predetermined  optical  distance. 

As  tha  physical  composition  end  the  information  content  cf  tha  stimuli  presented  to  ths  two  eyes, 
vbllst  using  a HKD,  may  have  both  similar  and  different  elements,  it  is  important  to  consider  which 
alamanti  are  utilised  by  tha  visual  uyitem  and  whether  they  causa  independent  or  ctasot  affects  across 
tha  two  eyas, 

(a)  Lmlnanca 

All  visual  information,  whatever  ita  nature,  must  inevitably  enter  tha  vlaual  system  via  tha  photo 
sensitive  ratines  of  tha  two  eyas.  Tha  amount  of  energy  incident  upon  tha  cornea  cf  tha  aye  is  not  equi- 
valent to  that  impinging  upon  tha  retina,  Tha  retina,  although  sensitive  to  a large  r tags  of  luminances, 
ia  incapable  of  dealing  directly  with  the  extrema  luainnncta  encountered  from  reflected  sunlight.  Thus  a 
control  mechanism  axista  which  ia  capable  of  reducing  tha  high  ltasinaoccs  to  within  the  working  range  of 
tha  retinal  element*.  This  1*  achieved  by  tha  iris  of  tha  ay*  which  la  capable  of  varying  the  pupil 
dimnatsr.  Iris  control  ia  achieved  by  a closed  loop  system  tha  input  to  wMch  is  tha  light  energy 
incident  upon  tha  retina.  This  enwrgy  produces  efferent  neural  potential*  within  the  optic  nerve  which 
are  transmitted  to  .ba  brain,  if  tha  frequency  of  tha os  potentials  is  beyond  the  bradiidth  of  tha 

optical  system,  is  tha  amount  '.t  light  Impinging  upon  tha  ratios  is  too  great,  afferent  naural  potentials 

are  transmitted  to  the  irla  causing  it  to  constrict  and  thus  reduce  the  light  energy  passing  to  tha 

retina.  Tha  central  controllar,  tha  brain,  i*  abla  to  monitor  bith  affarance  and  affarsne*  einul- 

tamuoLily  and  thus  establish  tha  intensity  of  tha  light  incident  upon  tha  cornea  of  eh*  ay*. 
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Tha  above  I'eeerltma  cha  situation  which  axiats  for  a single  aye.  Hovtvar,  whan  two  ayaa  ara 

cons  id  a id  it  ia  apparent  that  it  ia  poaaibla  to  arriva  at  a situation  in  which  two  ayaa  ara  *ubj acted 

to  Mrkt  lly  differing  lavala  of  illumination.  (Figure  ll  Lj  to  the  non-diaplay  eye,  Lg  to  the  dlaplay 
eye,)  Dadar  tbaaa  conditions  the  above  control  Mchanisn  doea  art  p trait  independent  adjuataeate  to  ba 
■ade  to  tha  two  iria.  Bather,  their  ■oveeienta  ara  yoked,  the  operative  input  to  the  control  Mchanisu 
being  the  higher  iaval  of  illualnation. 

In  tha  WD  context,  where  the  lunlnance  of  tha  CUT  My  be  aavaral  order*  of  Magnitude  Its*  than  that 

of  tha  out « Ida  world,  thia  latter  phenomenon  My  raeult  in  tha  aawunt  of  light  paaeing  to  tha  ratina  of 

the  display  eya  being  aavoraly  reduced,  auch  that  tha  apparent  brightnaat  of  tha  dlaplay  ll  diminished. 

By  reducing  tha  light  trenaul  ttad  to  tha  non-diaplay  aye  by  incraaal.ng  the  optical  daneity  of  part  or  all 
of  tha  riaot  thia  affect  can  ba  diainlahad  at  the  expanse  of  reducing  vialon  to  tha  outalda  world.  (lj 
reduced  to  Lr  *or  th*  non-dla,\ay  aye  and  L«  for  the  display  aye  in  Figure  1.)  Thia  latter  reduction  My 
ba  critical  If  tha  pilot  a req-  l red  to  psrforu  a target  detection  taak  prior  to  using  the  BHD. 

The  nisMtch  in  llliaalnatica  of  the  two  eyea  not  only  effect!  tha  apparan:  brlghtneb*  of  vlaual 
iufotMtion  but  alao  inf  Irene  a a tha  ability  to  ihift  attention  in  tha  binocular  rivalry  context  (Flgura 
2).  Kith  equal  illumination  tha  ability  to  ihift  attention  frou  outalda  world  to  dlaplay  and  back  la 
equivalent  in  both  directioua.  However,  whan  the  outside  world  illraalMtioa  la  greater  than  that  of  tha 
dlaplay  nora  tiaw  la  required  to  shift  iron  tha  outside  world  to  tha  display  Chan  la  necessary  to  nova  in 
tha  oppoaita  direction.  Tha  aeoust  of  tins  a pant  attending  to  tha  dlaplay  la  alao  leaa  than  that  a pant  to 
tha  outbids  world.  With  tha  dlaplay  brightar  than  tha  outalda  world  tha  above  would  ba  revarasd. 
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Tha.  extant  of  these  attention  shifting  s' feet  a appears  to  ba  dependant  upon  the  magnitude  of  tha 
llltainxtloa  rlsMtch  and  tha  attontionnl  important  a of  cha  information  displayed  in  each  eya. 


(b)  Colour 

la  the  binocular  rivalry  situation  the  control  of  arrant  ion  shifting  appears  to  have  a voluntary 
component.  Voluntary  control  nay  ba  facilitated  if  the  too  visual  lnforaation  c ha coal a art  independently 
lab* 11 ad  so  that  tha  caatral  controller  can  readily  distinguish  and  rapidly  avitch  batooon  the  too  aati 
of  intonation.  It  baa  ban  alraady  point  ad  out  that  tha  extent  of  voluntary  control  la  partially 
governed  by  tha  llluoi nation  at  tha  too  ayaa.  Thus  tha  absoluta  laval  of  neural  excitation  olthln  each 
lnforaation  c henna 1 and  tha  aiaaeteh  in  excitation  level  scrota  the  two  chansol*  nay  ha  iaportant  faetora 
affecting  voluntary  control. 

hot  only  dona  tha  overall  laval  of  excitation  appear  to  ba  iaportant  but  alas  .the  type  of  oxcltation. 
The  introduction  of  coloured  tints  to  tha  vieer  and  tha  colour  of  the  CXT  phosphor  and  ita  aaaociatad 
reflector  affect  tha  ability  to  ooparoto  tha  two  act*  of  information  Within  tha  brain.  Thus  colour  coding 
can  ho  util it  ad  to  facilitate  attention  shifting.  Again)  this  Improvement  in  voluntary  control  ia 
achieved  at  the  oxpoaaa  of  degrading  tha  lofottetlon  entering  frou  tha  autoide  world  in  that  tints 
appliad  to  tha  visor  affect  the  ability  to  datect  contrast  odgoa  In  the  outside  world.  However,  careful 
selection  of  both  visor  tint  ao'f  Off  phoaphor  tranauiaiien  wavelengths  nay  result  in  contrast  enhanccuent 
and  not  contrast  degradation. 

(c)  Accommodation 

Tho  voluntary  control  of  attantion  shifting  appears  also  to  ba  influenced  by  accoomodaelon 
procsssaa.  Aa  for  Irla  control,  acccmsuilitlon  cannot  occur  Independently  within  tha  two  syas.  Accommo- 
dation la  to  a certain  axtant  under  voluntary  control)  thus  the  central  processor  nuat  select  a single 
eat  of  lofowatioa  If  two  aata  of  information  are  praaanted  independently,  In  dlfferant  focal  planaS)  to 
tha  two  ayes,  la  the  HMD  context  it  nay  be  beneficial  to  focus  tha  diaplayad  Information  at  an  apparant 
viewing  diet* nee  of  a matra  or  laea(  rather  than  at  infinity. 

(d)  loss  a complexity 

Tha  major  processes  affecting  the  transniaslon  of  Inforaatlon  to  and  tha  aaparation  of  infonaatlon 
within  the  brain  have  bean  outlined  but  now  tha  brain  satst  ba  considered  as  a cognitive  processor  aa  wall 
aa  a peripheral  sensory  modality  controller.  Tha  physical  aspects  of  tha  visual  stimuli  contribute  to 
tha  binocular  rivalry  process  but  ths  information  content  of  tha  stimuli  Is  also  an  important  factor.  It 
has  boon  already  stated  that  tha  diaplayad  information  can  taka  any  forma  ranging  from  simple  symbology 
to  complex  pictorial  representations  of  portions  of  tho  outside  world.  Tha  former  present  lass  of  a 
problem  aa  far  as  binocular  rivalry  ia  concerned  aa  the  brain  la  abla  to  fueo  simple  symbology  with 
information  from  tha  outaida  world,  as  in  the  BU  context . It  has  yet  to  be  srtabllshed  how  complex  tha 
symbolic  information  exist  bacons  before  binocular  rivalry  annuls < This  point  la  govarnad  by  tha  format 
and  content  of  each  display  and  must  be  individually  assessed.  The  rivalry  phenomenon  la  accompanied 
by  the  pat tar a recognition  problems  Inherent  in. HUD*  and  thus  tha  two  cannot  be  Investigated  Indepen- 
dently. Although  binocular  fusion  of  outaida  world  and  display  information  may  ba  achieved  the  brain  may 
consider  the  two  set*  of  visual  Information  as  completely  aapsrata  pet terns  and  thus  procaaa  then 
independently  rather  than  aa  one  intagrated  whole. 

When  sura  complex  infonaatlon  la  displayed  the  problems  of  rivalry  and  pattern  recognition  nay 
occur  simultaneously . In  this  situation  only  by  carefully  considering  both  the  physical  characteristics 
and  information  content  of  the  two  channels  of  visual  informstion  can  ba  a viable  solution 
ba  achieved.  Additional  cognitive  factors  also  influence  the  ability  of  the  pilot  to  function 
efficiently  under  these  conditions.  If  symbolic  information  it  boing  presented  on  the  BO  the  pilot 
must  be  confident  that  epuriouo  information  is  not  oeiog  displayed  a*  this  will  causa  hlsi  to  focus  his 
attention  predominantly  to  the  outside  world. 

Similarly,  if  the  displayed  information  li  derived  from  a TV  camera  elavod  through  a servo  control 
system  to  his  head,  unless  Ue  is  confident  that  tha  TV  1*  following  hie  head  exactly  he  will  fall  to 
rocogniea  targets  preasoted  on  hla  HKD. 

(a)  Image  Magnification 

In  this  lattar  situation  the  problem  of  pattern  recognition  becomes  narked  when  tha  TV  camera 
preeante  a magnified  image  of  a portion  of  tha  outaida  world  to  tha  display.  Ths  non-display  aye  is 
presented  with  visual  frlmuli  of  unity  else  whilst  tha  display  aye  nay  racaive  stimuli  several  orders  of 
Mgnitude  greater  ia  alas.  This  lneraaaa  in  magnitude  is  applicable  both  to  elec  end  the  velocity  of 
movements  in  tha  outaida  world.  This  problem  li  Inevitably  related  both  to  tha  field  of  view  of  tha  TV 
camera  and  the  visual  angle  subtended  at  ths  ays  by  the  display.  A narrow  field  of  view  is  desirable  for 
the  camera  if  detail*  are  to  ba  dlacarnablo  In  tha  diaplay.  A large  subtended  angle  it  the  eye  enhancea 
discrimination.  However,  further  problems  may  be  introduced  if  thii  angle  is  excessive.  Peripheral, 
non-display  information  entering  the  display  aye  will  be  excluded  and  may  result  in  a decrement  in  tho 
ability  to  monitor  tho  flying  task.  Visual  search  and  movement  identification  within  ths  display  may 
boeosM  problematic  aa  tha  relationship  between  non-display  and  diaplay  information  within  the  central 
controller  cannot  bo  maletainsd . < 

As  to-  iris  and  accommodation  control,  saccadic  (ballistic)  movements  of  tha  ayes  are  yoked 
(Hllstm,  1066).  Thus  image  else*  and  motion*  on  tho  retina*  of  tha  two  ayaa  will  bo  lnccmpctiblo  in 
•a^lltuda  if  the  display  is  aa  enlarged  representation  of  tho  outside  world.  Thus  when  attention  is 
shifted  from  ooe  information  channel  to  tha  other  tha' gain  of  tho  afferent  control  ec  the  extrseculer 
muscles  of  tho  sys  has  al*o  to  bo  cbangal  end  the  eye*  repositioned  to  piece  tho  eras  of  intorsst  on  to 
tha  fovea  of  the  attended  aye.  Thi*  repositioning  and  recslibratloo  of  axtroocular  gain  can  rapidly  ba 
achieved  with  training.  However,  particular  attantion  nuat  be  paid  to  eys  dominance  aa  normally  one 
eye  drives  the  other  whan  making  saccadic  movements.  .....  u 
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it  mover 3nt  information  from  both  the  display  end  the  outside  World  la  permitted  to  stlssalat*  the 
retina  at  or  proximal  to  the  fovea  conflicting  afferent  information  la  trananitted  to  the  central 
controller.  The  central  controller  la  only  aMi  to  reapoivi  to  one  set  of  movaeent  Information  and  which 
one  la  attended  to  la  detaminad  by  the  velocity  of  the  movaaent  and  both  the  luminance  and  contract  of 
tha  moving  object  (Figure  3).  Thin  problem  cen  be  surmounted  by  employing  en  appropriate  interface 
between  the  CRT  and  WD  and  the  eye. 

(f)  Held  of  View 

The  magnitude  of  tha  anglw  sub t and ad  by  tha  display  at |tha  aye  alao  influences  the  configurations 
employed  for  dieplaying  symbology.  In  normal  vision  tha  fovea  of  tha  two  aye*  axa  bilaterally  repra- 
sented  1c  tha  hemispheres  whilst  tbs  nasal  retinae  cross  via  tha  optic  chlasmt  to  Che  opposite  hemi- 
spheres. As  tha  imiges  on  bjtta  retinas  ara  approximately  equivalent  tha  result  la. that  intonation 
from  the  left  htgilielde  enters  the  left  hemisphere  whilst  that  from  the  right  hemifields  passes  to  tha 
right  hamUphara . Unerase  tha  non  dominant  hemisphere  may  only  process  Information  on  tha  visual  basis, 
tha  dominant  h mi jphsrs  any  procatn  information  both  visually  and  in  terms  of  verbal  content  (ftchait  nod 
Davis,  1974).  Consequently , although  interchange  of  information  can  take  place  berveen  the  two  hemi- 
spheres via  tie  corpus  callosum,  curtain  type*  of  symbolic  information  may  be  procaesed  more  rapidly  if 
presented  to  .ho  hemifields  projecting  to  thi  dominant  hemisphere. 

When  binocular  rivalry  occurs,  is  with,  the  BJ),  the  'jaaget  on  corresponding  hacifielde  conflict, 
rfcv  information  projected  to  each  hemiephara  la  incoatpstl  Ole  and  has  to  undergo  some  form  oC  decoding 
process  before  being  subjected  to  further  central  processing.  Under  these  condition*  the  time  saved  by 
transmitting  information  requiring  verbal  decoding  direct  to  tha  dominant  htmi  iphere  may  result  in  only  a 
marginal  increase  in  performance . 

Memory  Processus 

Another  facet  of  tbu  binocular  rivalry  phenomenon  ie  that  recognition  of  pattern  similarities  scree* 
tha  two  eye*  Cannot  ba  achieved  by  simultaneous  comparison  of  the  two  retinal  images,  because  of  tha 
sequential  ends  of  oparation  in  the  central  controller  luring  rivalry,  pattern  recognition  must  be 
achieved  by  cc (sparing  the  retinal  image  from  tha  attended  eye  with  a stored  representation  of  tha  retinal 
image  from  tha  moo-attended  eye.  If  rapid  reeponeea  sr*  required  pattern  recognition  aay  have  to  be 
achieved  using  memory  process**.  The  problem  associated  with  magnification  within  tha  display  may  become 
acuta  ae  tha  discrepancy  in  rhu  detail  stored  la  memory  and  that  visible  within  tbn  dinplny  will  ba 
considerable.  Such  discrepancy  will  ltad  to  an  increase  la  processing  time  within  the  brain  before  recog- 
nition can  be  achieved. 

CONCLUSION 

The  psychological  p rob  latte  encountered  whilst  using  a BtS  era  considerably  las*  than  those  which 
sxist  with  QGa.  With  the  latter,  the  complex  interaction  of  psychological  effects  does  not  preclude  a 
satisfactory  solution  from  being  achieved.  Careful  attention  must  be  paid  to  every  aspect  of  tho  optical 
interface  if  the  two  channels  at  visual  information  ara  to  bs  distinguishable  by  th*  pilot,  the  format  of 
symbolic  information  and  the  rtlatlouehlp  between  pictorial  information  and  tha  outside  world  must  be  such 
•*  to  reduce  incongruities  to  level*  which  do  mot  seriously  increase  the  dsmesde  madr  upon  the  cognitive 
proteases  within  th*  pilot.  T.’einiag  rapidly  improves  both  performance  on  th*  flying  t«sk  and  th*  ability 
to  process  and  utilise  tha  displayed  information.  Although  hardware  designs  impose  limitations  upon  th* 
operational  roles  in  which  IMDs  may  bs  usefully  aeploved,  improved  designs  may  reduc*  thee*  limitations 
to  mors  acceptable  levels. 
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utckoductiom 

Tha  demands  upon  thu  craw*  of  military  aircraft  are  intama  and  Uttla  time  la  available  for  aircraft 
systems  aanagenmnt.  The  primary  ala  of  the  aortia  le  to  reach  the  target,  deploy  tha  •oat  effective 
weapon*  and  to  return,  ao  automation  la  employed  aa  far  at  poaaibla.  Tha  workload  can  vary  greatly  accord- 
ing to  the  type  of  aortia,  terrain  and  hoaella  forcaa,  but  it  rarely  paraitt  adequate  surveillance  of  all 
aircraft  ayataaa.  If  failure  occura  in  flight,  inattention  or  inappropriate  action  could  jaopardita  the 
aafety  of  tha  aircraft.  Tha  failure  could  become  progreaaive  aa  the  large  aeaaurea  of  redundancy  usually 
incorporated  in  modern  Military  aircraft  could  permit  the  flight  to  continue  if  quicker  action  were  taken 
at  the  right  tlaM. 

In  order  that  aircrew  should  be  inforaed  whan  such  a failure  occurs,  warning  ayataaa  ere  ueed.  Thaeu 
present  tha  craw  with  information  about  tha  defect  ae  unambiguously  a a poaaibla,  and  also  indicate,  in  aoaa 
inatancea,  tha  correct  response  for  the  crev  to  make.  Tha  purpose  of  this  article  la  to  present  tha  prin- 
ciples enployad  In  the  deaign  of  warning  systems  in  aircraft. 

PRIORITIES 

Three  prioritiaa  of  warning  have  been  established:- 

1.  Warning  signal.  This  ia  defined  aa  a signal  indicating  the  existence  of  an  immediate  catastrophic 

condition  requiring  immediate  action,  or  limitation  to  the  flight  envelope  of  the  aircraft. 

2.  Cautionary  signal.  This  ia  defined  as  a signal  showing  existence  of  a hazardous  or  Impending 

hazardous  condition  requiring  attention,  but  not  necessarily  immediate  action. 

3.  Advisory  signal-  This  ia  a signal  used  to  indicate  the  aircraft  configuration  and  condition  of 

performance,  the  operation  of  essential  equipment,  or  to  attract  attention  for  routine  purposes. 

These  signals  are  usually  presented  in  three  ways,  by  visual,  auditory  or  tactile  aignala. 

Visual  Signals 

This  ia  by  far  the  most  cotmoon  method  used  for  the  presentation  of  all  type*  of  information  as  the 
visual  aenaa  ia  the  moat  discriminatory.  Coloura  are  used  to  good  advantage  and  the  prioriti.ee  of  warning 
are  assigned  the  following  colour  codes.  Uarning  signal,  rad;  cautionary  signal,  yellow  or  ember; 
advisory  signal,  green,  white  or  blue.  The  advisory  signals  are  further  subdivided  by  function.  Thus 
green  signifies  that  a unit  or  coaponent  is  within  tolerance  or  ia  satisfactory,  whereat  white  or  blue  is 
ujed  to  advise  of  a state  of  position  or  action  without  implying  either  a safe  or  unsafe  condition. 

In  addition  to  colour  coding,  warning  aignala  alto  uat  tha  appropriate  legends  to  indicate  what  tyetem 
or  failure  ia  praaent.  In  practice  these  displays  taka  tha  form  of  smell  lights  or  lighted  panels  which 
are  marked  with  the  appropriate  legend  so  that  the  legend  becomes  legible  when  illuminated.  Where  the 
panel  ia  too  small  to  encompass  the  appropriate  word,  standardised  abbreviations  are  used.  Cara  la  taken 
that  the  abbreviations  used  are  unaabiguoua  end  lieta  of  approved  abbreviations  have  bean  prepared  to 
eneure  standardisation.  Aircraft  designed  more  then  twenty  years  ago  tended  to  havt  signals  dispersed 
around  tbe  cockpit  so  that  warning  signals  and  other  controls  of  a particular  system  ware  grouped  together. 
Whilst  this  may  make  recognition  of  a particular  signal  easy  and  facilitats  remedial  action,  it  tended  to 
make  the  cockpit  haphazard  with  signal*  of  varying  prioritise  spread  around  all  the  cockpit  displays. 

Modern  military  aircraft  group  all  visual  uarning  systems  together  as  e standard  varning  systems  (SWS) . 

The  SWS  ia  sited  outside  the  blind  flying  panel  but  within  the  3C°  cone  of  vision  of  the  pilot.  This  posi- 
tion ensures  that  any  warning  will  be  inadiataly  noticad.  The  SWS  presents  a small  penal  to  tha  pilot 
bearing  a number  of  llluadnatad  windows,  Whan  the  eystam  ia  activated,  the  appropriate  window  Illuminates 
end  if  it  ia  a warning. signal,  ia  ona  requiring  immediate  action,  additional  signals  or  'attention  getters' 
era  also  activated.  These  attention  gettera  consist  of  »ora  red  lights  placed  in  tha  direct  line  of  vision 
of  tha  pilot.  Tha  attention  gattara  flash  and  auditory  warnings  era  also  heard  to  reinforce  tbe  urgency  of 
the  situation  to  tha  pilot.  Tha  attention  getter  lights  and  audio  warning  can  be  switched  off  by  use  of  a 
cancel  button  on  the  SWS,  but  the  Illuminated  caption  on  tha  SWS  remain*  until  th*  emergency  situation  has 
pasted , If  a fire  warning  is  present,  a red  light  illuminate*  in  tha  appropriate  fire  extinguisher  button, 
alto  situated  on  th*  SWS,  to  indicate  to  tha  pilot  tha  actions  b*  should  taka.  Th*  cancel  button  only  acta 
for  on*  apacific  warning  and  subsequent  warning*,  or  those  of  higher  priority,  activate  tha  whole  systoa 
once  more.  Cautionary  and  advisory  signal!  are  also  presented  on  tha  SWS.  Co  aoaa  aircraft  tha  warning 
system  ia  physically  eplit  into  a standard  warning  ayatan  and  an  auxiliary  warning  system  CAWS) . Tha  AW8 
praaants  tha  cautionary  and  advisory  signal*  which  era  not  reinforced  by  attention  gattara,  light*  or 
audio  warnings . 

Other  types  of  visual  signal#  are  mechanical  in  nature.  Rods  or  flags  can  protrude  into  the  pilot's 
line  of  sight  in  tha  cockpit  or  froa  various  surface!  of  tha  aircraft  to  supplement  cockpit  information. 
Thsaa  era  usually  striped  white  and  black  or  rad  and  black  for  visual  distinction  purpose*.  Colour  markings 


*/T 


o l inatruaant  displays  ■ leo  fall  into  thia  cstagory  and  tha  colour  of  tha  instrument  background  (either 
disc /pointer  or  counter)  give*  information  on  the  condition  of  tba  ijritaa  indicatad.  Electromechanical 
visual  warning  in  die  a tor  a am  usually  fitted  to  nodarn  flight  instrument*  aueh  aa  tba  attieuda  and  hori- 
aontal  situation  indicators ■ Thaaa  warnings  art  snail  flags  which  drop  across  part  of  tba  display  to 
indicata  failura  of  powar  or  input.  Tba  flag!  ara  labelled  appropriately  and  ara  aithar  coloured  or 

• tripad  rad.  Other  types  of  visual  warnings  consist  of  illuninated  panels  to  ordar  abandonment  of  tha 
aircraft,  except  in  thoaa  aircraft  fittad  with  aaata  aids  by  aids  or  with  coamend  ejection  systems. 

Visual  warnings  can  alao  ha  used  with  head  up  displays  and  other  electronic  displays.  A flashing  latter 
W across  tha  cantro  of  tha  ha ad  up  display  has  bean  advanced  aa  a possibility  as  there  is  a limitation  in 
tba  uaa  of  colour  in  electronic  displays  of  currant  aircraft.  Tha  concept  of  an  sws  is  likely  to  ranain 
and  a ossa  sort  of  attention  getter  in  tha  head  up  display  will  be  used  to  transfer  attention  to  thu  SWS 
whan  nacesaary.  Visual  warnings  could  alao  be  employed  with  good  advantage  in  halnat  mounted  displays. 

Auditory  Signals 

Thaaa  are  of  two  ferae,  verbal  and  non-verbal,  tha  latter  being  mch  Bora  conanon.  Electronically 
stimulated  balls  ara  uaad  to  anforca  varnlng  signals  appearing  on  tha  SWS.  However  moat  modern  aircraft 
near  employ  a 'lyre  bird'  audrtory  warning  for  thia  purpose  which  has  become  standardised  among  HATO  force*. 
Tha  lyre  bird  signal  constats  of  a tone  rising  from  600  to  l,70o  Ha  in  0,83  seconds  and  repeated  ones  a 
second  (fig  1),  Auditory  signals  ara  alao  used  in  Naval  aircraft  to  supplement  information  ou  airspeed  or 
angle  of  attack  on  tha  approach  to  landing.  A fast  airspeed  (or  low  angle  of  attack)  on  tha  approach  la 
characterised  by  a 1,600  Hi  tone  interrupted  at  a rata  (1  - 10  Hi)  corresponding  to  the  airspeed.  An  air- 
speed marginally  faster  than  tha  optima  ia  accompanied  by  a 900  Hi  tons  plus  1,600  Hi  tons  interrupted  at 

• rate  0 - 1 Hi  according  to  tha  airspeed,  Whan  tha  optimum  approach  ipeed  ia  achieved,  a 900  Hi  tone  ia 
heard.  Airspeeds  below  tha  optimum  carry  auditory  signals  of  900  Ha  and  400  Hi  interrupted  at  0 - 1 Hi 
and  400  Hi  interrupted  at  1 - 10  Ha  depending  on  tha  airspeed  of  the  aircraft. 

Verbal  auditory  warnings  are  alto  uaad.  With  these  ayatana,  either  e tape  recorded  or  electronically 
generated  voice  is  presented  to  tha  crew  listing  the  system  or  service  at  fault,  the  specific  location  of 
the  fault  and  tha  nature  of  tha  emergency,  eg  'engine.  Ho  4,  fire'.  Soma  verbal  auditory  warning  systems 
continue  the  eigr.el  with  tha  correct  recovery  procedure  for  the  crew  to  follow. 

More  sophisticated  auditory  aignale  could  be  employed  in  aircraft  operating  in  hostile  areas.  Here 
hostile  radar*  may  illuminate  the  aircraft  and  the  crew  would  wish  to  know  whet  class  of  radar  is  being 
used,  from  what  direction,  and  whether  the  radar  illumination  ia  locked  onto  the  aircraft.  It  may  be 
possible  to  demodulate  the  radar  signal  received  by  the  aircraft  and  preaent  it  aa  an  auditory  signal  to 
the  craw.  Tha  asset  nature  of  tha  signal  would  than  allow  trained  aircrew  to  distinguish  between  the 
various  types  of  radar  and  to  declda  on  tha  procaduraa  to  ha  adopted.  These  signals  might  poaaibly  be 
supplemented  by  a visual  display  of  some  sort. 

One  must  alao  include  hare  the  auditory  identification  signals  which  are  superimposed  upon  TACAH,  ILS, 
end  other  navigational  channels.  These  ara  presented  aurally  to  the  crew  and  nuat  be  identified  correctly 
(usually  by  morse  code)  to  eliminete  false  navigational  information. 

Tactila  Signals 

la  addition  to  visual  and  auditory  signals,  tactile  signals  arc  also  uaad.  The  moat  widespread 
example  of  this  is  tha  stick  shaker  which  warns  tha  crew  of  airspeeds  approaching  the  stall.  These  types 
of  warning  ara  used  mainly  in  transport  type  aircraft.  In  addition  to  (hiking  the  control  colvaaa  in  coma 
aircraft,  the  system  physically  puahea  tha  stick  forward  to  enable  tha  aircraft  to  recover  from  tha 
impending  stall. 

Tha  Harrier  VTOL  aircraft  enployi  a rudder  ahaker  tactile  warning  to  inform  the  pilot  of  exceaeive 
condition*  of  yaw,  a potentially  dangerous  condition.  Tha  tactila  varnlng  ia  delivered  to  the  rudder 
pedal  that  should  be  depressed  to  correct  the  yaw  condition,  hence  the  warning  end  tha  corrective  action 
required  era  combined.  Other  mechanical  warning*  ara  asployad  in  the  mods  of  automatic  terrain  following. 
Hera  tba  aircraft  ia  guidad  by  radar  to  follow  tha  contour  of  tha  terrain  as  closely  as  possible  to  avoid 
detection,  /allure  of  tha  system  could  be  catastrophic  so,  in  addition  to  tha  SWS  being  activated,  the 
aircraft  ia  autoamtlcally  manoeuvred  into  a safe  climb. 

Experience  has  shown  that  the  viaual  display  of  warning,  cautionary  or  advisory  signals  is  tha  most 
affective  and  unambiguous  manner  in  which  to  present  essential  information  to  the  crew.  Once  the  attention 
of  tha  crew  has  baan  obtained  they  only  have  to  read  tha  caption  to  ascertain  tha  details  of  the  emergency. 
Auditory  warnings  to  reiuforca  visual  presentation  era  acceptable  but  become  difficult  to  distinguish  whan 
niuat-oua.  Warning  signals  ara  presented  infrequently  so  that  diaorimination  is  from  memory,  and  this  could 
ba  misleading.  Audio  warnings  uaad  for  airapead  date  differ  in  this  respect  aa  thay  ara  used  much  more 
frequently.  It  has  been  racooaanded  that  tba  number  of  non-verbal  audio  warnings  should  ba  limited  to 
•void  confusion. 

Tactila  warnings  can  be  uaad  to  give  graduated  information,  ag  a*  tha  situation  become*  Bore  critical, 
the  shaking  increases  in  intensity.  Apart  from  the  examples  given  of  tactila  warnings  there  is  no  evidence 
that  tactila  warning*  ara  more  efficient  than  visual  or  audio  warnings  combined.  Howavar,  tactila  warning* 
could  hAva  a bigger  part  to  play  in  those  aircraft  without  an  automatic  flight  control  system,  eg  coabat 
helicopters  nbara  tha  pilot  always  haa  his  right  hand  on  tha  control  colima.  Bara  tactila  display*  pre- 
sented ••  moving  aui'faca*  or  pi  on  gars  Which  expand  so  as  to  bacome  palpable  could  giva  aithar  warning 
(ag  radar  altitude  low)  or  director  information.  Two  axis  plungers  could  diract  tha  pilot  aithar  to  hold 
a given  course  or  to  manoeuvre  tha  aircraft  to  acquit*  a target;  tha  stick  being  moved  in  the  direction 
that  tha  plunger  indicates.  Combinations  of  plungers  or  surface!  could  ba  uaad  to  signify  different  amar- 
ganeiaa  or  degrees  of  emargancy.  Clearly  mors  work  ia  required  to  ascertain  whether  thia  concapt  haa  any 
advantage. 
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OOlKIUgltM 

th«  concept  of  c visual  display  coafcinod  la  so  KW1  li  probably  the  Meet  efficient  astbod  of  presenting 
eeeenciel  online;  intonation  ts  the  crew.  Attention  getters  cad  audio  warnings  ahould  be  uaed  to  eaelet 
thia  presentation.  Apart  f ran  a few  specific  cases,  audio  warnings  do  not  have  distinct  advantages  over 
visual  displays.  In  sons  aircraft,  tactile  warnings  can  be  uaed  to  good  effect  and  extension  of  tactile 
displays  to  othar  situations  should  be  axaainad. 
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Fig-1  Master  audio  warning  frequency  characteristics 


47 


ADVANCES  IN  MILITARY  COCKPIT  DISPLAYS 
by 

J M Rolfe 

Flight  Skills  Research  Section 
Royal  Air  Force  Institute  of  Aviation  Medicine 
Famborough 
Hampshire 
England 


INTRODUCTION 

The  aim  of  this  paper  is  to  concentrate  on  the  major  developments  which  are  influencing  military 
cockpit  design  and  the  aircrew  task.  More  than  twenty  five  years  ago  Williams  (1947)  undertook  an 
analysis  of  the  pilot's  task.  While  specific  features  may  have  changed  the  following  quotation  is  per~ 
tinent  to  the  contemporary  situation:  "Between  the  knowledge  of  what  control  movements  to  make  and  the 
knowledge  of  the  purpose  of  a mission  lie  all  the  areas  of  information  which  together  result  in  the  accom- 
plished flight.  Since  the  only  course  of  action  open  to  the  pilot  is  through  manipulation  of  the  aircraft 
controls,  it  follows  that  all  the  information  he  receives  must  eventually  be  filtered  down  to  this  level 
in  order  to  participate  in  the  flight  at  all.  These  pieces  of  information  somehow  work  together  in  an 
organised  way,  and  for  purposes  of  analysis  must  be  fitted  into  some  descriptive  pattern  - thus  the  problem 
is  first  to  break  away  from  the  notion  of  specific  ways  for  presenting  information  and  second,  trying  to 
develop  a scheme  into  which  all  the  various  pieces  of  information  will  fit  in  a logical  way".  Carel  (1965) 
consolidated  Williams ' analysis  by  developing  the  broad  functions  of  a vehicle  guidance  and  control  system 
in  order  to  provide  a starting  point  for  determining  the  pilot's  overall  task.  He  suggested  that  the 
operational  use  of  a vehicle  implied  the  following  functions: 

1.  The  selection  and  identification  of  a goal  (for  example  a ground  target  or  destination). 

2.  The  measurement  of  the  position  of  the  vehicle  relevant  to  the  goal. 

3.  The  selection  of  a path  to  the  goal  consistent  with  vehicle  constraints. 

4.  The  measurement  of  path  error  or  the  computation  of  predicted  error  at  the  terminal  goal  given 

present  performance. 

5.  The  selection  and  use  of  sensing  and  control  mechanisms  to  physically  realise  a control  law  and 
thus  reduce  the  error  or  make  good  the  path. 

6.  The  selection  of  components  for  the  synthesis  of  the  sensing  and  control  mechanisms. 

7.  The  selection  of  material  for  the  required  components. 

Carel  further  suggested  that  the  above  functions  resolve  themselves  into  the  attempt  to  obtain 
answers  to  the  four  questions: 

1.  Where  in  the  world  am  I with  respect  to  the  goal? 

2.  What  is  and  what  should  be  my  velocity  vector? 

3.  What  is  and  what  should  be  my  attitude  and  angle  of  attack? 

4.  What  should  I do  with  the  controls? 

Roscoe  (1974)  represented  these  sub  goal  functions  in  a diagram  representing  the  hierarchical  nature 
of  the  flight  task  as  shown  in  Fig.  1.  He  points  out  however  that  the  pilot  must  also  take  into  account 
what  he  describes  as  the  constraining  factors  of  the  flight: 

1.  The  performance  characteristics  and  present  condition  of  the  aircraft. 

2.  The  presence  and  flight  paths  of  traffic  in  the  vicinity.  The  relationship  of  that  traffic  to 
the  aircraft  (friendly/hostile),  and  the  need  to  avoid  or  intercept  it. 

3.  The  weather,  both  local  and  en  route. 

4.  The  geography  and  topography  of  the  terrain  over  which  the  flight  is  being  made. 

5.  The  characteristics  of  the  crew  or  passengers  that  impose  constraints  upon  the  flight. 

b.  The  body  of  rules  and  agreed  procedures  that  govern  flight  in  the  particular  airspace. 

In  the  military  context  the  above  discussion  of  the  Control  and  guidance  functions  performed  by  the 
pilot,  must  be  set  against  the  background  of  increased  aircraft  performance,  greater  weapon  systems  effec- 
tiveness, demands  for  total  24-hour  all  weather  flight  capability  and  the  need  to  use  operating  profiles 
which  disadvantage  hostile  defence  systems.  To  satisfy  these  requirements  a wider  range  of  information 
sources  are  now  being  drawn  upon,  for  example  infra  red  radar,  low  light  television,  laser  ranging,  inertial 
navigation  systems  and  ground  based  radio  and  navigational  aids.  In  their  initial  form  each  sensor  has 
tended  to  be  designed  as  a mainly  independent  system  having  its  own  information  display  and  so  the  number 
of  displays  in  the  cockpit  have  increased. 
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The  aim  of  this  paper  is  to  concentrate  on  the  major  developments  which  are  influencing  military 
cockpit  design  and  the  aircrew  task.  More  than  twenty  five  years  ago  Williams  (1947)  undertook  an 
analysis  of  the  pilot’s  task.  While  specific  features  may  have  changed  the  following  quotation  is  per- 
tinent to  the  contemporary  situation:  "Between  the  knowledge  of  what  control  movements  to  make  and  the 
knowledge  of  the  purpose  of  a mission  lie  all  the  areas  of  information  which  together  result  in  the  accom- 
plished flight.  Since  the  only  course  of  action  open  to  the  pilot  is  through  manipulation  of  the  aircraft 
controls,  it  follows  that  all  the  information  he  receives  must  eventually  be  filtered  down  to  this  level 
in  order  to  participate  in  the  flight  at  all.  These  pieces  of  information  somehow  work  together  in  an 
organised  way,  and  for  purposes  of  analysis  must  be  fitted  into  some  descriptive  pattern  - thus  the  problem 
is  first  to  break  away  from  the  notion  of  specific  ways  for  presenting  information  and  second,  trying  to 
develop  a scheme  into  which  all  the  various  pieces  of  information  will  fit  in  a logical  way".  Carel  (1965) 
consolidated  Williams  * analysis  by  developing  the  broad  functions  of  a vehicle  guidance  and  control  system  ^ 

in  order  to  provide  a starting  point  for  determining  the  pilot's  overall  task.  He  suggested  that  the 
operational  use  of  a vehicle  implied  the  following  functions: 

1.  The  selection  and  identification  of  a goal  (for  example  a ground  target  or  destination). 

2.  The  measurement  of  the  position  of  the  vehicle  relevant  to  the  goal. 

3.  The  selection  of  a path  to  the  goal  consistent  with  vehicle  constraints. 

4.  The  measurement  of  path  error  or  the  computation  of  predicted  error  at  the  terminal  goal  given 

present  performance. 

5.  The  selection  and  use  of  sensing  and  control  mechanisms  to  physically  realise  a control  law  and 

thus  reduce  the  error  or  make  good  the  path. 

6.  The  selection  of  components  for  the  synthesis  of  the  sensing  and  control  mechanisms. 

7.  The  selection  of  material  for  the  required  components. 

Carel  further  suggested  that  the  above  functions  resolve  themselves  into  the  attempt  to  obtain  ^ 

answers  to  the  four  questions: 

1.  Where  in  the  world  am  I with  respect  to  the  goal? 

2.  What  is  and  what  should  be  my  velocity  vector? 

3.  What  is  and  what  should  be  my  attitude  and  angle  of  attack? 

4.  What  should  I do  with  the  controls? 

Roscoe  (1974)  represented  these  sub  goal  functions  in  a diagram  representing  the  hierarchical  nature 
of  the  flight  task  as  shown  in  Fig.  1.  He  points  out  however  that  the  pilot  must  also  take  into  account 
what  he  describes  as  the  constraining  factors  of  the  flight: 

1.  The  performance  characteristics  and  present  condition  of  the  aircraft. 

2.  The  presence  and  flight  paths  of  traffic  in  the  vicinity.  The  relationship  of  that  traffic  to 

the  aircraft  (friendly /hostile) , and  the  need  to  avoid  or  intercept  it. 

3.  The  weather,  both  local  and  en  route. 

4.  The  geography  and  topography  of  the  terrain  over  which  the  flight  is  being  made. 

5.  The  characteristics  of  the  crew  or  passengers  that  impose  constraints  upon  the  flight. 

6.  The  body  of  rules  and  agreed  procedures  that  govern  flight  in  the  particular  airspace. 

In  the  military  context  the  above  discussion  of  the  control  and  guidance  functions  performed  by  the 
pilot,  must  he  set  against  the  background  of  increased  aircraft  performance,  greater  weapon  systems  effec-  . 

tiveness,  demands  for  total  24-hour  all  weather  flight  capability  and  the  need  to  use  operating  profiles  1 

which  disadvantage  hostile  defence  systems.  To  satisfy  these  requirements  a wider  range  of  information 
sources  are  now  being  drawn  upon,  for  example  infra  red  radar,  low  light  television,  laser  ranging,  inertial 
navigation  systems  and  ground  based  radio  and  navigational  aids.  In  their  initial  form  each  sensor  has 
tended  to  be  designed  as  a mainly  independent  system  having  its  own  information  display  and  so  the  number 
of  displays  in  the  cockpit  have  increased.  . 
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FIG.t.  THE  HIERARCHICAL  NATURE  OF  THE  FLIGHT  TASK 
(from  Roscoe  1974.) 


The  trend  towards  increased  cockpit  complexity  has  led  to  the  recognition  of  the  following  constraints: 

1.  The  physical  workspace  of  the  military  aircraft  cockpit  is  severely  limited  with  the  consequence 
that  there  is  little  spare  space  available  to  add  additional  displays. 

2.  With  the  trend  towards  greater  freedom  of  vertical  operation,  i.e.  V/STOL  capability,  the  need 
for  greater  external  vision  from  the  cockpit  reduces  the  areas  which  can  be  used  for  the  display  of 
information  within  the  cockpit. 

3.  Trends  towards  combining  information  on  to  one  display  have  not  always  proved  successful. 

4.  Delays  arise  as  the  pilot  has  to  change  eye  position  from  outside  the  cockpit  to  inside  the 
cockpit  and  back  again. 

5.  If  the  pilot  is  forced  to  select  and  process  raw  data  from  multiple  information  sources  he  is 
subjected  to  high  workload  and  speed  and  load  stress. 

The  consequence  of  the  above  constraints  has  been  the  demand  for  display  systems  which  satisfy 
the  requirements  of  using  onboard  computing  facilities  to  integrate  information  so  that  the  pilot  s task 
is  simplified  and  he  is  less  heavily  burdened.  Linked  to  this  aim  is  the  recognition  of  a need  for  more 
flexible  display  systems  than  the  conventional  electro-mechanical  systems  which  have  formed  the  basis  of 
aircraft  instrumentation  over  the  last  three  decades.  The  major  requirements  for  such  a display  system 
are  that  it  should  have: 

1.  Multi-sensor  capability,  i.e.  the  display  should  be  able  to  accept  information  from  a range 
of  inputs. 

2.  Multi-function  flexibility,  i.e.  the  information  displayed  should  be  capable  of  being  changed 
to  meet  the  needs  of  a particular  flight  phase. 

3.  Multi-format  flexibility,  i.e.  it  should  be  possible  to  display  the  3ame  information  in  a 
variety  of  formats. 

The  display  device  which  currently  has  the  capability  of  fulfilling  these  requirements  is  the  cathode 
ray  tube  (CRT).  The  CRTs  performance  in  terms  of  resolution,  accuracy,  brilliance  and  environmental  resis- 
tance is  significantly  better  than  other  types  of  modern  displays.  On  the  other  hand  the  physical  con- 
straints of  electro  optical  systems  ensure  that  the  size  of  such  displays  is  large.  Also  compared  with 
other  types  of  addressable  systems  the  associated  weight  and  cost  of  the  necessary  symbology  generation  is 
significant.  'Hie  idea  of  the  use  of  CRT  displays  in  flight  usually  raises  the  question  of  their  reliabi- 
lity. Evidence  is  now  available  which  indicates  that  reliability  is  less  of  a problem  than  was  first 
thought  it  might  be.  Marconi-E lliot t Avionics  Systems,  manufacturers  of  the  widely  used  cathode  ray  tube 
used  in  the  A7  A and  E aircraft,  have  now  evidence  based  on  over  a million  flying  hours.  Their  experience 
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has  ebovo  that  much  of  tka  initial  emotional  wrtiti  and  eancarm  regarding  tha  reliability  of  tha  |Uu 
tuba  an  largely  unjustified.  Such  reliability  problems  that  ban  occurred  ban  baas  associated  with  tha 
high  ipaad  auloi  digital  coMttiaa  circuitry  and  a tan  daisy  fat  grand  enw*  to  uoo  tls  3T  display  in 
a wary  Ugh  brightness  mod*  for  long  parioda  aa  a navigation  attack  ayataa  ehack  on  diapUy.  In  thia 
contort  it  ia  worth  noting  that  in  ona  aittgia  yaar  in  tha  Uni  tad  ktataa  military  oparationa  SOI  of  all 
tube  failurac  wara  aaaociatad  with  tha  gradual  etching  by  burning  of  tha  taat  diapUy  fornat  cauaed  by 
prolongad  op* ration  of  tha  dlaplay  ayataa  in  tha  anti raly  atatic  chach  out  mod*.  Whan  tha  diaplay  ayataaa 
wara  oparatad  within  apaeifiad  liuita  CST  live*  in  tha  ordar  of  1,400  houra  wara  baing  achiavad. 

Tha  application  of  multl-fvajctioo,  multi-nods  diaplaya  can  ba  conaidarnd  in  ralation  to  tha  plana*  of 
oparation  encountered  in  flight.  Currantly  two  baaic  configuration*  can  b*  found  in  ua*.  Tha  flrat  ia  a 
vertical  situation  diaplay.  a forward  looking  praaantation  providing  a apatial  rafarenc*  in  tha  X and  Z 
uni  at  aaiauth  and  alavation.  Thia  diaplay  fulfil*  tb*  roll  of  tha  attituda  indicator  or  tha  attltud* 
diractor  indicator  with  additional  capability  for  vaapos  aiming  and  tha  diaplay  of  baaic  intonation  auch 
aa  altituda,  airapaad  and  hnading.  With  additional  multi-sansor  capabilities  tha  cori>loation  of  electroni- 
cally ganaratad,  low  light  talaviaion  and  infra  rad  forward  looking  information  can  b*  auparlagioaad  on  tha 
diaplay. 

Tha  aacond  configuration  ia  tha  horiaontal  situation  diaplay.  a downward  looking  diaplay  of  informa- 
tion in  tha  X and  T co-ordinata*  of  aaiauth  and  rang*.  This  diaplay  prasants  haadlng  Information  and,  in 
addition,  boaring  intonation  with  ragard  to  radio  baacona,  targata  and  othar  ldantiflable  way  point*  on 
tha  ground.  Ultimately  tha  aim  ia  for  horiiootal  information  auch  aa  tha  moving  nap,  radar  and  alactroni- 
cally  ganarrtsd  navigational  «,-*4>otogy  to  ba  capabla  of  baing  combined  onto  on*  praaantation.  gowavar,  at 
tha  noannt  this  davalopnant  awaits  tha  availability  of  tha  high  raaolutioo  uulti-colour  diaplay  capabla  of 
displaying  topographical  nap  Information  in  adequate  da tail.  4 comproniaa  can  b*  achieved  by  tha  ua*  of 
optical  combining  ayatsn*  which  aupariapoa*  radar  and  moving  amp  information.  Systems  are  now  bacoadng 
aval  lab  la  in  which  nap  information  can  b*  overwritten  with  alphamaaaric  data  displays  using  light  emitting 
diodes  (LIDS). 

Xn  addition  to  tha  vertical  and  horiaontal  situation  diaplay*  another  diaplay  which  ia  now  availabl* 
in  a variety  of  prototype  forma  la  tha  profit  Jlaplay.  The  profile  display  gives  a sideways  looking  indi- 
cation of  tha  vehicle's  bahavievr  in  relation  to  the  X and  V axis,  i.u.  elevation  and  range.  Information 
of  thia  typo  ia  particularly  re  levant  to  7/STOL  operations  where  a sophisticated  approach  path  nay  be 
required  to  ba  followed  in  ordar  to  achieve  an  affective  deceleration  and  transition  from  forward  to  ver- 
tical flight.  Among  the  parameters  which  studies  have  shown  to  be  nacaejary  to  the  pilot  are: 

1.  Ground  spaed  and  direction:  to  enable  the  pilot  to  arrive  over  the  landing  spot  at  the  desired 

touch  down  apaad. 

2.  Vertical  apaad:  moat  V/STOL  aircraft  have  a lew  normal  acceleration  capability  in  tha  approach 

configuration  and  it  ia  inpurtant  for  tha  pilot  to  ba  aware  of  tha  i .oxiiaity  of  tha  safety  boundary. 

In  all  three  of  tha  above  display  configuration*  there  are  a variety  of  options  open  to  tha  designer 
with  ragard  to  tha  way  in  which  information  may  ba  displayed  (aa*  Suvada,  1973),  Probably  the  moat  signi- 
ficant ona  at  thia  t la*  la  with  regard  to  tha  vertical  situation  display  whether  It  should  present  its 
information  heed  up  or  head  down.  Tha  head  up  display  calls  upon  ths  philosophy  that  the  pilot  needs  to 
look  out  of  ths  cockpit  and  .hare fore  tha  information  should  be  located  so  that  ha  does  not  need  to  remove 
hie  eyes  from  tha  outside  viaual  scene.  In  addition  if  th»  diaplay  can  be  made  to  appear  at  optical  infi- 
nity he  will  not  need  to  change  the  accommodation  of  hie  ayes  or  change  hie  attention  froo  one  diaplay  to 
another.  Thaee  two  aien  are  achieved  by  the  usa  of  a collimated  praaantation,  optically  mi  mod  with  hit 
forward  view.  Tha  concept  derives  touch  from  tha  gunaighe  but  tha  opportunity  haw  baan  taken  to  istptove 
both  tha  information  content,  of  tha  display  and  it*  method  of  presentation.  Tha  head  up  display  ha*  found 
favour  in  military  aircraft  for  example,  Jaguar,  Barrier  and  tha  AV8A. 

Development*  have  alio  bean  taking  pises  in  head  down  vertical  situation  diaplaya.  Again  the  multi- 
aeuaor,  multi-function  capabilities  of  the  display  era  utilised  but  no  attempt  i*  mads  to  coafein*  tha  dis- 
play directly  with  tha  outsida  viaual  world.  Tha  argument;  for  this  philoaoph  is  that  whar*  the  and  goal 
dose  not  r.qulr*  a continuous  (canning  of  tha  outsida  world  thara  ia  an  advantage  in  presenting  as  much 
Information  ai  possible  head  down  in  a larger  format  than  available  with  tha  head  up  diaplay. 

While  tha  present  time  saaa  ths  cathode  rey  tub*  favoured  as  ths  primary  madia  for  the  praaantation  of 
flexible  information  davalopnant*  ara  progressing  towards  tba  application  of  othar  display  techniques.  The 
moat  promising  of  that*  i*  tha  nova  towards  tha  uao  of  solid  stats  diaplay  techniques.  However  it  ia 
likaty  that  that*  will  supplement  tha  cathoda  ray  t,  ;'.e,  rather  than  supplant  it.  This  means  that  davicea 
such  aa  liquid  crystals  and  light  emitting  diodea  will  ba  applied  to  .h*  display  of  alphanumeric  graphic 
display*  which  will  displace  alactro-machanlcal  displays.  Progress  has  baan  mad*  with  tha  design  of 
light  emitting  diodes  in  racant  years.  Tba  brightness  of  LAP a has  baan  increased  to  a level  wherw  they 
ar*  now  totally  compatible  for  usa  in  head  up  and  head  down  displays.  Their  addressable  nature  and  tha 
high  resolution  which  can  b*  achiavad  by  these  diaplaya  make  it  poasibla  to  construct  coa^lax  alphanumeric 
and  graphic  diaplaya  which  ara  oftan  considerably  more  effective  than  tha  alactro-machanlcal  ones  they 
replace. 

To  sunariaa,  in  thia  paper  tha  attanpt  has  bean  mad*  to  examine  tha  background  against  which  racant 
advances  In  dirplay  technology  have  taken  place  in  Talation  to  tha  military  cockpit.  Eaqihaa ii  ho*  baan 
placed  upon  providing  an.  adequate  assessment  of  tha  information  needed  by  tha  alrersv  in  ordar  to  perform 
their  teak  and  from  this  evolve  a diaplay  ayataa  capabla  of  presenting  Information  in  a flexible  wanner. 

In  ordar  to  do  this  tha  demand  for  a multi-function,  mult i-a enter  information  processing  and  display  system 
has  prasaatad  ltwalf  and  c number  of  solutions  to  chi  problem  have  tvclved.  At  tha  praaant  time  the  moat 
widely  used  form  of  diaplay  is  tba  -cthoda  ray  tub*  which  Ua*  the  required  flexibility. 


Tha  author  viahaa  to  ackanrladg*  tlu  aa  a i a tan ca  of  Sadtha  loduatriaa  Uni  tad  Aviation  Btviaioo  for 
tba  loan  of  tba  fila  'Tha  Band  Dp  Waylay'  abeam  during  tha  praaantat  ioe  of  thia  papar  and  to  Karconi- 
Elliott  Avionic*  Syataaa  Liaitad  for  viaual  aid*  and  iaforaatioo. 
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SUMMARY 

The  major  types  of  map  displays  are  distinguished  and  their  functions  are  described.  The  principal 
design  parameters  are  reviewed  with  particular  reference  to  user  requirements  and  human  factors,  and  an 
outline  is  given  of  current  problems  of  map  annotation,  display  legibility  and  brightness,  radar-map 
matching  and  display  complexity. 


INTRODUCTION 

En  route  navigation  accuracy  of  less  than  0.5  nm  is  an  essential  requirement  of  low  altitude  tactical 
operations.  This  can  be  achieved  by  conventional  map  reading  techniques,  supported  by  extensive  pre-flight 
planning,  but  the  navigation  workload  places  enormous  demands  on  the  pilot  in  flight.  Consequently,  geo- 
graphic disorientation  is  a major  cause  of  mission  failure  in  single-seat  aircraft. 

A variety  of  map  displays  have  been  developed  to  ease  the  burden  of  in-flight  navigation.  Three  major 
types  of  map  displays  can  be  distinguished:- 

a.  Direct-view  roller  map  displays,  consisting  of  a strip  map  mounted  on  motorized  rollers  with  a 
cross-track  cursor  indicating  present  position. 

b.  Optically  projected  map  displays  (PMDs) , with  a microfilm  transparency  of  the  original  map 
back-projected  onto  a display  screen  with  the  aircraft's  present  position  indicated  by  a moving 
symbol  against  a fixed  map  image,  or  by  a fixed  symbol  against  a moving  map  image. 

c.  Electronic  map  displays  - cathode  ray  tubes  (CRTs)  or  light  emitting  diodes  (LEDs)  - with  all 
the  displayed  information,  including  the  map,  generated  by  electronic  techniques. 

The  moving  components  of  these  displays  are  driven  from  the  aircraft's  navigation  data  sources,  i.e. 
VOR/DME,  doppler,  inertial  platform.  Across  this  categorisation  there  are  a number  of  displays  that  com- 
bine CRT  displays  of  symbolic  or  radar  information  with  optical  or  direct-view  presentation  of  map  inform- 
ation. A detailed  description  of  contemporary  map  displays  is  given  by  McGrath  (1971). 

Currently,  direct-view  map  displays  are  favoured  in  helicopters  (e.g.  Puma  and  Wessex)  and  transport 
aircraft  (e.g.  Andover  and  Hercules)  for  their  simplicity  and  cheapness.  Projected  map  displays  are  used 
in  long  range  low  altitude  strike  aircraft  where  their  large  map  storage  capacity  and  flexibility  are 
appreciated  (e.g.  Harrier,  Jaguar  and  KRCA) . All-electronic  displays  are  likely  to  be  incorporated  in  the 
next  genera tion  of  strike  aircraft,  provided  the  problems  of  cost,  weight,  computer  capacity  and  colour 
imaging  are  satisfactorily  resolved.  Multiple  sensor  combined  displays  and  the  flexibility  of  electroni- 
cally generated  displays  are  particularly  attractive  because  of  the  efficient  way  in  which  they  utilise 
the  cockpit  space  occupied  by  map  displays,  usually  about  6 inches  diameter,  which  is  difficult  to  justify 
for  a single  display  function. 

ADVANTAGES 

The  main  advantages  of  map  displays  can  be  listed  as  follows: - 

a.  Workload.  They  reduce  pre-flight  planning  time  and  provide  an  immediate,  continuous  monitoring 
of  the  aircraft's  geographical  position,  reducing  navigation  workload  and  head-in-cockpit  time,  and 
improving  the  pilot's  control  of  the  aircraft. 

b.  Interpretation.  Navigation  information  is  presented  in  a way  that  is  easily  interpreted,  i.e. 
with  reference  to  a map,  thus  reducing  the  likelihood  of  gross  navigation  errors. 

c.  Correlation  of  Navigation  Systems.  Map  displays  provide  a means  of  cross-checking  the  outputs 
of  navigation  systems  such  as  doppler,  radar,  inertial  platform  and  visual  reference  to  the  ground. 

d.  Map-Computer  Linkage.  They  are  a convenient  means  of  communicating  with  the  onboard  navigation 
computer,  checking  its  integrity,  updating  its  accuracy,  and  inputing  navigation  problems. 

e.  Map  Storage.  PMDs  store  and  display  large  areas  of  mapping  at  a variety  of  scales.  Up  to 
3,000  s*.(  ft  of  original  charting  can  be  stored  on  35  mm  microfilm  in  some  displays. 

f.  Navigation  Data  Storage.  Map  displays  store  and  display  a variety  of  navigation  information  in 
addition  to  that  depicted  on  maps,  e.g.  track  marker  and  steering  information,  digital  readouts  of 
present  position,  waypoint  and  destination  co-ordinates  in  lat  and  long,  ground  speed,  wind  speed  and 
direction,  tiiae-to-go  and  range-to-destination . 
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g.  Anticipation.  They  improve  the  ability  of  the  user  to  anticipate  and  recognise  features  on 
radar  and  on  the  ground,  and  thus  provide  a timely  updating  of  the  navigation  system, 

DESIGN  ISSUES 

During  the  development  of  PMDs  a number  of  design  issues  arose  that  are  peculiar  to  map  displays  and 

illustrate  some  of  the  major  human  factor  problems  encountered. 

a.  Fixed  Map  or  Moving  Map.  Considerable  human  factors  research  and  debate  has  centred  on  the 
question  of  whether  the  map  should  move  and  aircraft  symbol  remain  fixed,  or  vice  versa.  Researchers 
concluded  on  the  basis  of  experimental  evidence  that  pilots  conceive  of  the  earth  as  the  fixed  com- 
ponent of  the  navigation  system,  and  that  therefore,  in  map  displays,  the  map  should  be  the  fixed 
component  against  which  the  aircraft  should  move  (Roscoe,  1968).  This  philosophy  has  also  guided  the 
design  of  altimeter  and  aircraft  attitude  displays.  The  disadvantages  of  this  format  are  that  frequent 
map  changes  are  required  when  the  aircraft  reaches  the  edge  of  the  display,  and  that  the  important 
"view-ahead"  of  the  aircraft  is  not  optimised.  These  criticisms  have  resulted  in  all  current  PMDs 
having  a moving  map  format. 

b.  Track-Up  or  North-Up.  As  a consequence  of  the  decision  in  favour  of  a fixed  map  format,  map 
displays  were  initially  orientated  with  the  map  north-up.  This  was  supported  by  the  argument  that 
this  would  facilitate  reading  of  map  lettering.  More  recently,  with  moving  map  formats,  it  has 
become  apparent  that  users  prefer  the  map  to  be  oriented  track-up,  i.e.  with  the  track  line  pointing 
to  the  top  of  the  display,  and  that  they  only  require  occasional  reference  to  the  north-up  mode  when 
lettering  needs  to  be  read.  Most  operational  displays  now  have  optional  north-up  and  track-up  modes 
to  be  selected  at  will. 

c.  Centred  or  Decentred  Present  Position.  Early  PMDs  were  designed  for  convenience  with  the 
aircraft  symbol  in  the  centre  of  the  display.  A centred  present  position  is  useful  for  flight  plan- 
ning and  when  programming  and  reading-in  way-point  co-ordinates.  But  in-flight,  in  the  track-up  mode, 
pilots  have  little  interest  in  the  area  behind  the  aircraft  and  this  occupies  half  of  the  display  with 
a centred  present  position.  Consequently,  recent  displays  have  an  optional  decentred  present  position 
at  the  bottom  of  the  display,  leaving  the  entire  diameter  of  the  display  for  "view-ahead".  This  also 
has  advantages  for  correlation  with  ground  mapping  radar,  with  the  sweep  origin  at  the  bottom  of  the 
CRT. 


d.  Scale  Magnification.  Initially,  PMDs  were  designed  to  project  the  map-image  back  to  its 
original  scale.  This  resulted  in  serious  legibility  problems  for  small  detail  on  conventional  maps 
designed  for  hand  held  viewing  distances  (variable,  between  6 and  18  inches)  when  viewed  in  map  dis- 
plays at  panel-mounted  distances  (about  30  inches).  To  counter  this,  recent  displays  over-magnify 
the  map  image  by  factors  as  large  as  1.63x,  with  a limited  optical  scale  change  facility  to  vary  the 
apparent  viewing  distances  (McGrath,  1972).  But  with  a display  of  fixed  size,  map  magnification 
affects  the  map  are>a  shown,  reducing  the  view-ahead.  The  problems  of  long,  fixed  viewing  distances 
for  map  displays  are  unlikely  to  be  entirely  solved  until  special  purpose  mapping  is  provided  that 
takes  this  into  account. 

e.  Image  Brightness.  High  ambient  cockpit  illumination  of  the  order  of  100,000  lux  presents  pro- 
blems when  viewing  a map  image  back-projected  onto  a translucent  screen.  To  make  the  map  image 
independent  of  ambient  brightness,  field  lens  optical  systems  have  been  used  which  form  the  primary 
map  image  within  the  display  where  it  cannot  be  reached  by  extraneous  light,  unless  it  enters  by  the 
exit  pupil  of  the  lens  system  at  the  pilot’s  normal  head  position  (Briggs,  1972).  Such  a system  also 
has  advantages  when  optically  combining  a CRT  generated  radar  image  with  the  map  image.  CRTs  with 
sufficient  brightness  and  persistence  time  have  not  been  available,  and  a field  lens  system  is  neces- 
sary to  permit  the  use  of  conventional  CRTs  without  brightness  problems  (Webb,  1965).  Field  lens 
systems  have  the  disadvantage  of  limiting  the  viewing  angle  and  freedom  of  head  movement.  Moreover, 
indifferent  optics  easily  result  in  image-field  flatness  problems,  causing  the  map  image  to  appear 
distorted.  This  has  serious  consequences  for  map  interpretation,  range  estimation  and  causes  con- 
siderable eye  strain.  Operational  experience  with  simple  back  projection  systems,  such  as  used  in  the 
Jaguar,  suggests  that  a legible  map  image  can  be  obtained  with  a bright  light  source,  without  recourse 
to  a field  lens  system  with  all  its  disadvantages.  However,  the  argument  for  using  a field  lens 
system  in  a combined  radar/map  display  still  remains  valid. 

CURRENT  PROBLEMS 

The  design  issues  discussed  above  have  largely  been  resolved.  A number  of  problems  9till  exist  and 
new  ones  are  emerging  as  operational  experience  with  map  displays  is  gained.  Some  of  these  problems  are 
discussed  below: - 

a.  Map  Annotation.  The  need  to  annotate  maps  has  been  a perennial  problem  with  PMDs  where  the 
maps  are  stored  on  microfilm.  With  hand-held  maps,  navigation  information  such  as  routes,  fuel 

status,  restricted  and  danger  areas  are  normally  added  during  pre-flight  planning,  and  the  maps  are 

often  enscribed  in-flight  with  reconnaissance  information  and  targets  of  opportunity.  Optical  com- 
bination with  CRTs  has  been  proposed  as  one  future  solution,  and  digital  read-outs  go  some  way 

towards  overcoming  the  problem  on  some  of  the  current  displays.  Aircrew  solve  the  problem  by  carry- 

ing id<nfiia)  hand-held  maps,  enscribed  with  route-planning  information,  and  work  back  and  forth 
li'-iw.-cti  tin*  map  display  and  the  hand-held  map.  This  clearly  defeats  one  of  the  major  objectives  of 
map  displays:  to  unburden  the  pilot  of  the  need  for  paper  maps,  except  as  a back-up  in  case  of  system 
failure.  A variety  of  microfilm  annotation  techniques  arc  being  explored,  such  as  light  sensitive 
film  i Matings,  but  until  practical  solutions  are  found  the  full  potential  of  PMDs  is  unlikely  to  be 
re ;i  I i sod  . 

h • I'ispl  iy  Legibility.  A second,  and  equally  important  reason  for  carrying  hand -he Id  maps  is  that 
the  legibility  of  PMDs  leaven  much  to  be  desired.  Poor  legibility  con  arise  from  a number  of  factors: 


. ...  _ -S3 

ambient  lighting,  long  viewing  Aigtrocee,  screen  (tain  effeuta,  poor  opti-il  molutin,  nd  axc**- 
aivs  microfilm  r 'Auction  facto-  b.  lut  the  aajor  source  of  difficulty  stem*  fro*  tba  continued  mm 
<jI  conventional  map#  ia  tha  display* , with  poor  colour  rciiditioO,  Inadequate  contrast*,  inoeca'esrily 
fine  detail , irrelevant  info-mat iau  and  aataoaiva  clutter,  particularly  on  1 t2S0,000  scale  t/.ppiug . 

To  sow*  extant  colour  and  cou  treat  problems  can  be  improved  by  advance i in  Microfilm  proceaslng,  but 
the  legibility  problaaa  assn  10  severs  that  it  ia  1 Italy  that  anything  abort  of  a pedal  purpose  Mapping 
will  be  ultiaately  unacceptable  to  the  user,  Recent  research  at  tba  1AM  and  UI,  in  conjunction  with 
the  Mapping  and  Charting  Katabliabaant  has  identified  the  important  daiign  reras*stsra  for  aapa  for 
p rejected  aystans.  ilta  -native  nap  formats,  colour  codings  and  symbology  have  bean  studied  together 
with  analyses  of  nap  content  and  user  requirements,  and  considerable  progress  has  bean  aada  Cover da 
developing  detailed  nap  specification#  (Barrett  at  al,  1975  j T.ylor,  1974a-  Taylor,  1975). 

c.  Night  Villon.  During  tba  day,  the  problem  ia  to  diaplay  a legible  aap  image  that  is  suffi- 
ciently bright  to  over  coma  high  ambient  b.-igt.tneaa . At  night,  -ha  pilot  requires  a legible  map  L-aage 
that  does  not  destroy  h.;s  dark  adaption  and  night  vision  jenaitlvity.  Until  recently,  this  problem 
has  tended  to  ba  neglected  beca.ua  little  night  flying  Has  bean  carried  out  in  aircraft  with  FMDe. 
However,  recant  attempts  to  extend  night  capabilities  have  deaocstratad  that  existing  diaplay*  may  be 
too  bright  at  their  loweat  intensity  lavals  for  safe  operation  at  low  altitudes.  The  solution  often 
proposed  In  the  past  has  bean  to  introduce  rad  filter*,  but  recant  research  Uaa  shown  that  rad  li^it 
for  map  reading  give*  little  advantage  in  Cara*  of  increased  night  vision  sensitivity  sad  has  aarlous 
and  prdi-.ibitive  conaaquences  for  map  legibility  because  of  the  loss  of  colour  >.>ding  (Taylor,  1974b), 
a* vara*  format  "black  naps"  present  a pi. tial  solution  by  restricting  ha  light  transmitted  to  lnfor- 
■Mticn  itaaa  only  (Roscoe,  1967).  hut  these  have  limited  application  and  axe  unlikely  to  ba  accept- 
able for  daylight  uaa.  Moreover,  the  problems  of  giving  an  adequate  relief  representation  on  "black 
maps”  arete  intractable.  An  engineering  solution  ia  likely  to  ba  the  only  acceptable  one  for  the  user, 
such  a*  a rheostat  dimmer  rather  than  the  pxr  ant  atap  switch.  To  some  extent  the  field  lana  optical 
aystea  has  some  advantages  at  night  in  that  light  only  loaves  the  display  through  tha  exit  pupilt 
light  doea  not  ecatter  around  cha  cockpit  as  with  back  projection  system*,  and  tba  pilot  can  avoi  ~ 
seeing  the  light  by  moving  his  head  out  of  the  exit  pupil. 

d.  Radar-Map  Matching.  "Black  maps"  have  also  been  evaluated  ae  a possible  solution  to  the  bright- 
ness problems  of  combined  radar  and  projected  map  displays  (CRPMUs) . In  the  CRPMD  the  map  image  ir 
optically  combined  with  same-scale  forward  looking  radar  generated  o.i  a CRT  and  viewed  superimposed. 
Such  a system  ha*  advantages  for  increased  radar  interpretability,  facilitating  the  early  recognition 
of  radar  features,  and  provides  a continuous  monitoring  of  the  navigation  system.  When  the  iamges 
appesr  desynchronised,  tha  aap  can  ba  slewed  by  a hand-con t roller  to  eliminate  arror  and  update  the 
navigation  system.  "Black  maps"  have  advantages  for  increasing  the  contrasts  of  superimposed  radar 
returns,  but  again,  the  problem  of  relief  rapraaentation  has  proved  difficult  to  overcoat..  This  is 

, particularly  serious  for  radar-aap  matching  in  mountainous  rsgions  where  returns  from  steep  slopes 
and  ridges  provide  the  major  source  of  useable  information.  Recant  development*  have  favoured 
modified  conventional  positive  formats,  with  selective  portrayal  of  radar  significant  feature*  and 
enhanced  representation  of  relief  t.’  layer  tinting  and  shadow  shading  aathods  (Barrett  at  al,  1975). 

a.  Complexity  of  Operating  Modes.  A problem  that  map  dieplay  designers  are  becoming  increasingly 
aware  of  is  that,  with  the  trend  towards  sure  alternative  operating  modes  and  functions,  pilots  ura 
having  difficulty  knowing  and  remembering  what  mode  the  display  i*  in.  Confusion*  aaaily  aril* 
between  centred  and  decantred  modes  and  track-up  and  north-up  stabilisation,  and  yithou.  any  positive 
indication  inherent  in  tha  display  face  the  operating  mode  it  not  always  iaatsdiately  obvious.  Tha 
solution  to  these  problems  probably  lies  in  better  engineering  rather  than  improved  training  of 
operators. 

CONCLUSION 

Map  displays  provide  an  alagant  solution  to  tha  hitherto  much  neglected  problem  of  navigation  work- 
load in  low  altitude  tactical  operation*.  Many  basic  design  issues  htve  now  bean  resolvr.d,  but  it  would 
b«  wrong  to  suggest  that  the  area  ia  without  problem*,  particularly  with  reapact  to  legibility  end  -.arto- 
graphic  support.  However,  the  advent  of  high!,'  flexible  and  multiple  function  electronic  displays,  will 
make  map  displays  a comaon  feature  of  future  avionics  system*.  Alresdy  their  value  is  widely  recognised 
end  there  ia  r>o  better  way  to  illustrate  thi*  than  by  quoting  a USAF  A7  pilot  with  3500  flying  hour#  end 
200  hours  with  PMDs  who  when  asked  about  the  value  of  map  displays,  characteristically  replied: 

"Tha  map  display  is  an  absolute  necessity.  In  order  to  have  radar  compatibility  correlation  with  a 
map  diaplay  la  eaaential.  The  map  display  also  gives  us  our  only  swans  of  updating  the  nrvigatlon  system 
when  we  don't  htve  predetermined  co-ordinates  of  a visual  or  radar  fix.  It  is  an  outstanding  aid  in 
avoiding  obstacles  or  international  boundaries  in  dirty  weather  or  at  night.  I wc  Id  ra’-Sa:  have  the  aap 
display,  whan  it  ia  functioning  correctly,  than  any  other  system  in  the  aircraft"  (McGrath,  1971). 

Thia  reply  waa  typical  of  those  given  by  105  pilots  surveyed.  If  map  display*  ars  such  an  essential 
operational  requirement  aa  these  users  seem  to  suggest,  than  it  is  avsn  Mr*  important  that  acceprabl: 
solutions  are  toon  found  to  tha  problem*  that  temsin. 
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PHYSIOLOGICAL  LIMITATIONS  TO  RICH  SPEED  ESCAPE 
by 

. Wing  Commander  David  H,  Glaiscer 

Royal  Air  Force  Institute  of  Aviation  Medicine,  Famborough,  Hants,  UK. 


• . The  forces  which  must  he  imposed  for  satisfactory  high-speed  ejection  approach,  or  even  surpass,  the 
limits  of  human  tolerance  at  several  stages  in  the  ejection  sequence.  These  forces  are:- 

1.  The  +Cz  acceleration  of  the  ejection  seat. 

2.  The  -Gx  acceleration  due  to  wind  drag. 

3.  Direct  (pressure)  and  indirect  (flail)  effects  of  wind  blast. 

4.  Other  inertial  forces  (centrifugal,  tangential)  due  to  seat  instability. 

5.  Opening  shock  of  drogue  parachute  and  main  canopy. 

6.  Ground  impact. 

Of  these  forces  the  first  must  be  increased  to  achieve  tail  fin  clearance  at  high  speed,  the  second 
and  third  increase  with  the  square  of  indicated  air  speed,  the  fourth  increases  with  airspeed,  and  the 
fifth  must  be  increased  if  escape  is  to  be  successful  in  the  high-speed  lew-level  case.  Only  the  last 
force  is  uninfluenced  by  aircraft  speed  at  ejection  and  the  message  is  clear  - high  speed  has  a major 
effect  on  forces  imposed  during  assisted  escape  from  aircraft. 

In  the  following  notes  these  forces  will  be  considered  in  turn,  in  relation  to  the  mechanism  of 
injury,  incidence  of  injury,  tolerance  to  injury  and  in  particular,  to  the  influence  of  air  speed  at 
ejection. 

+Gz  acceleration 

Inertial  force  acting  in  the  head  to  foot  direction  (reaction  to  a headwards,  or  +Gz  acceleration)  is 
carried  predominantly  by  the  spinal  column.  Overloading  of  the  spine  causes  compression  fracture  and  the 
commonest  site  of  injury  is  where  the  load  is  greatest  in  relation  to  cross  sectional  area.  This  is  most 
frequently  T12  - LI,  but  fractures  are  not  uncomoon  from  T5  to  L2,  and  occur  rarely  around  C5.  As 
Kazarian  has  pointed  out,  the  joint  surfaces  of  the  articular  facets  change  direction  at  T12  so  that  below 
this  level  they  can  no  longer  be  load  bearing.  This  discontinuity  causes  a stress  concentration  at  T12-L1 
and  must  be  a further  factor  in  the  observed  frequency  of  fractures. 

In  331  non-fatal  ejections  experienced  by  the  RAF  from  1960  - 1973,  the  overall  incidence  of  spinal 
compression  fracture  was  43Z,  but  it  must  be  stressed  that  many  of  these  were  symptomlesB  and  that  the 
incidence  is  strongly  correlated  with  the  degree  of  effort  made  to  diagnose  the  condition.  Corresponding 
figures  for  other  NATO  Forces  are:  USAF,  10X;  US  Army,  34X;  FAF,  22Z;  IAF,  17Z;  GAF,  10Z;  HAF,  18Z;  CAF, 

13Z.  Thus,  spinal  fracture  is  still  an  all  too  frequent  cause  of  injury  in  otherwise  successful  ejections. 

Tolerance  of  the  spine  to  +Gz  acceleration  depends  upon:  the  vertebral  load  bearing  capacity  governed 
by  factors  such  as  age,  anthropometric  variation  and  musculo-skeletal  development;  load  distribution  as 
affected  by  seat  design,  harness  configuration,  pre-ejection  posture  and  system  of  ejection  initiation; 
catapult  performance;  and  human  dynamic  response.  Tolerance  is  best  related  to  the  Dynamic  Response 
Index,  since  by  this  means  the  influence  of  race  of  rise  of  acceleration  (rise  time,  jolt),  peak  accelera- 
tion and  duration  of  acceleration  are  effectively  combined  into  a single  numerical  index  which  may  be 
related  to  the  risk  of  spinal  injury.  However,  the  other  factors  listed  above  must  also  be  taken  into 
consideration.  The  DRI  may  be  considered  as  the  steady-state  (infinite  time  rise)  acceleration  which 
would  have  produced  the  same  degree  of  spinal  compression.  A value  of  18.0  predicts  a spinal  injury  rate  of 
less  than  5 Z ; a value  of  20.4,  a rate  of  less  than  20Z;  and  a value  of  23,  a rate  in  excess  of  50Z.  These 
predictions  are  supported  by  USAF  and  UK  ejection  experience. 

The  influence  of  airspeed  on  the  incidence  of  spinal  injury  is  not  clear  cut  and  in  theory,  since  the 
peak  DRI  usually  occurs  early  in  seat  travel,  no  influence  would  be  expected.  In  recent  RAF  ejections, 

107  out  of  323  aircrew  who  ejected  at  under  300  kt  suffered  spinal  injury  (33Z),  whereas  at  speeds  in 
excess  of  300  kt,  27  out  of  32  suffered  injury  (84Z).  Statistically,  this  difference  is  highly  significant. 
By  way  of  contrast,  Martin  Baker  have  looked  into  Phantom  ejections  using  their  H7  seat,  and  find  a 5Z 
injury  rate  at  speeds  less  than  300  kt  (170  ejections)  and  an  identical  figure  for  98  ejections  made  at 
greater  speeds.  Broken  down  into  narrower  speed  bands,  these  figures  even  suggest  that  injury  rates  are 
greater  at  the  lowest  speeds  (28Z  injury  rate  for  14  ejections  made  at  speeds  less  than  100  kt),  but  num- 
bers are  too  small  for  statistical  significance  to  be  obtained.  However,  high  wind-drag  deceleration 
could  force  the  back  against  the  seat  and  so  improve  spinal  alignment,  just  as  wind-drag  forces  acting  in 
other  directions  could  increase  the  spinal  loading. 

The  DRI  technique  has  been  extended  to  include  other  force  vectors  (±Gx,  ±Gy) , but  our  current  feeling 
is  that  the  prediction  becomes  grossly  pessimistic  - a view  admittedly  shared  by  Peter  Payne,  the  origina- 
tor of  the  DRI  concept  (personal  communication). 

-Gx  acceleration 

On  entering  still  air,  the  man/seat  combination  is  exposed  to  wind-drag  deceleration  given  by: 
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deceleration  (G) 


P V2 


x frontal  area  * drag  coefficient 
ejected  weight 


(1) 


Tolerance  to  these  forces  vas  established  by  the  pioneering  work  of  Stapp,  but  wind-drag  is  not  well 
simulated  by  decelerator  track  experiments.  Thus,  on  the  track,  the  decelerative  force  is  transferred  to 
the  body  by  the  restraint  harness,  whereas  in  wind-drag,  the  entire  frontal  area  is  exposed  to  the  dynamic 
pressure  and  the  body  is  squeezed  between  this  and  the  inertia  of  the  ejection  seat.  This  situation  is 
more  akin  to  experimental  +Gx  acceleration  (rearward  facing  seat  crash  case)  in  which  tolerance  is  higher. 
Tolerance  may  be  of  the  order  of  SO  C (for  realistic  durations  of  exposure)  and  for  typical  seat  configura- 
tions this  implies  a 600  to  750  kt  ejection  depending  upon  seat  orientation  (Figure  1) . 


FIGURE  1.  Effect  of  airspeed  at  ejection 
on  peak  wind-drag  deceleration  of  seat  for 
maximum  ( 7.5  ft?  ) and  minimum 
( 5.0  ft?  ) presented  areas. 


It  may  be  concluded  that  wind-drag  deceleration  is  not  currently  a limiting  factor  in  high  speed 
ejection,  end  this  is  borne  out  in  a recent  survey  of  windblast  injuries  where  no  injury  was  seen  which 
could  be  attributed  solely  to  this  mechanism.  Two  points  need  to  be  made  however.  First,  it  is  not  known 
how  wind-drag  deceleration  affects  tolerance  to  spinal  compression  injury  (in  rocket  seats  the  two  forces 
are  acting  simultaneously  and  may  be  additive),  and  second,  in  an  encapsulated  ejection  system,  the  decel- 
eration becomes  identical  to  that  experimentally  imposed  on  decelerator  tracks  and  human  tolerance  is  pro- 
bably lower.  How  encapsulation  affects  peak  deceleration  depends  to  what  extent  the  ratio  of  frontal  area 
to  weight  is  affected  (see  equation  (1)  above) . 

Windblast  - direct  pressure  effect 

Windblast,  ram  pressure  or  * Q ’ force  is  given  by  the  expression: 

Q ■ 1 P V2  (2) 

where  p is  air  density.  Thus,  vindblast  is  proportional  to  the  square  of  the  indicated  airspeed.  At 
300  kt  the  ram  pressure  is  some  2.2  psi  (15  kH  m“"2)  whereas  at  double  this  airspeed  the  pressure  is 
quadrupled  (Figure  2) . 
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FIGURE  2.  Dynamic  Air  Pressure  vs.  Airspeed 


The  direct  effect  of  ram  pressure  on  man  is  bruising  and  petechial  haemorrhages  over  exposed  areas  of 
skin,  and  conjunctival  haemorrhages  and,  if  the  mouth  is  open  and  unprotected,  blast  damage  to  the  lungs. 
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In  * recent  FAF  review  of  23  ejections  carried  out  at  speeds  in  excess  of  400  kt,  there  were  two  cases  of 
lung  injury.  One  was  mild  with  clinical  signs  of  mediastinal  emphysema,  the  other  was  fatal.  Such 
injuries  are,  however,  rarer  than  this  incidence  would  suggest. 

Tolerance  to  ram  pressure  was  investigated  by  Stapp  (where  interpretation  was  confused  by  simul- 
taneous deceleration)  and  by  Fryer  using  equivalent  pressures  (up  to  7.2  psi,  or  50  kN  m“2)  produced  by 
lower  velocities  in  water.  In  these  latter  experiments  gross  physiological  effects  were  not  seen  and 
petechial  haemorrhages  only  occurred  at  the  highest  levels  of  pressure  investigated  (and  at  sites  of  low 
surface  pressure  due  to  cavitation,  an  effect  not  present  in  windblast). 

For  brief  duration  (0.5  to  1.0  aac)  bleat  exposurea,  Bowen  and  co-workers  quote  a 90%  survival  rate 
from  30  psi  (200  kN  m~2)  and  an  LD50  of  nearly  40  psi  (275  kN  m“2).  On  this  basis,  primary  blast  injury 
should  not  be  a limiting  factor  in  high  speed  ejection  (Figure  2).  This  supposition  is  supported  by  some 
calculations  made  by  Payne  who  has  shown  that  divers  from  cliffs  at  Acapulco  impact  the  sea  (voluntarily!) 
at  80  ft/sec.  47  kt  into  water  is  equivalent  to  1,330  kt  in  air  at  sea  level,  and  subjects  the  diver, 
initially,  to  a Q force  of  44  psi  (308  kN  m“2). 

Of  more  concern  is  the  effect  of  ram  pressure  on  personal  equipment.  The  frequency  of  helmet  loss 
(US  figures  give  50%  at  500  kt)  is  accounted  for  by  a recently  measured  aerodynamic  lifting  moment  of 
460  lb  (208  kg)  at  600  kt.  Note  that  the  neck  strap  of  current  RAF  helmets  breaks  at  around  350  lb.  In 
addition,  oxygen  hoses,  masks,  life  preserver  stoles,  pockets  and  so  on,  are  all  very  vulnerable  to 
destruction  from  high  levels  of  windblast. 

Windblast  - flail  injury 

From  equation  (1)  above,  it  is  apparent  that,  unless  the  limbs  have  identical  area  to  weight  ratios 
and  similar  drag  coefficients  to  the  torso,  differential  forces  will  be  produced.  The  situation  is  made 
worse  by  the  ejection  seat  which  adds  mass  to  the  torso  without  greatly  affecting  its  frontal  area.  Thus, 
when  exposed  to  wind-drag,  lin&s  will  decelerate  more  rapidly  than  the  torso.  Two  mechanisms  of  injury 
occur.  First,  limbs  may  be  forced  beyond  their  normal  range  of  movement,  so  damaging  joints  and  causing 
dislocation,  fracture  dislocation,  and  ligamentous  injury.  Second,  limbs  may  be  brought  up  sharply  against 
a solid  part  of  the  seat  structure  so  that  bones  are  fractured.  In  the  absence  of  leg  restraint  the  femur 
is  particularly  vulnerable  to  this  injury  mechanism. 

Forces  tending  to  displace  limbs  were  measured  by  Fryer,  and  his  results  have  recently  been  confirmed 
by  wind-tunnel  experiments.  For  example,  there  is  an  outwards  acting  force  on  the  knees  of  108  lb  (50  kg) 
at  400  kt  and  this  is  trebled  on  the  leeward  knee  at  a yaw  angle  of  30°.  Outward  forces  on  the  arm  are 
lower  - 81  lb  (37  kg)  at  400  kt.  As  would  be  expected,  the  backwards  acting  force  on  the  arms  is  greater  - 
189  lb  (86  kg)  at  400  kt,  and  this  force  decreases  in  yaw.  All  these  forces  increase  with  the  square  of 
the  indicated  airspeed  and  forces  too  large  to  be  opposed  by  muscle  action  are  readily  attained  in  high 
speed  ejection.  The  incidence  of  flail  injury  would,  therefore,  be  expected  to  rise  sharply  with  ejection 
speed  and  this  prediction  is  borne  out  in  practice  (Figure  3).  In  non-combat  ejections,  major  flail  injury 
has  occurred  with  the  following  frequency:  USAF,  3.4%;  FAF,  12.5%;  SAF,  5.4%;  RAF,  5.9%.  Average  ejec- 
tion speeds  in  these  Series  were  around  200  kt . Ejection  speeds  increase  markedly  in  combat  situations 
and  US  experience  in  South  East  Asia  has  shown  average  speeds  at  ejection  of  388  kt  for  USAF  POW’s  and 
438  kt  for  USN  POW’s.  Major  flail  injury  occurred  in  25%  and  34%  respectively,  and  since  many  ejectees 
were  missing  - and  probably  injured  - the  real  incidence  could  have  been  as  high  as  70%.  With  current 
systems  the  risk  of  major  flail  injury  at  an  ejection  speed  of  700  kt  is  estimated  to  be  100%  (Figure  3). 


00  wo  no  400  too  too  TOO 


Escape  Speed  in  Knots  IAS 


1-KiURi:  3.  F.  fleet  of  airspeed  at  ejection  on  the  incidence  of  flail 
injury.  Data  is  from  USAF,  USN  and  RAF  ejections. 

Horn!  flui I in  loan  of  a problem  provided  that  the  seat  remains  stable,  but  consciousness  was  lost 
(due  to  head  flail?)  in  4 of  the  23  FAF  ejections  referred  to  above.  In  940  USAF  non-combat  ejections, 
head  and  neck  injuries  occurred  in  21  coses,  whereas  upper  limbs  were  injured  in  64,  and  lower  limbs  in  115. 
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Roughly  similar  distributions  are  seen  in  other  series.  At  current  ejection  speeds,  head  restraint  may  be 
adequately  obtained  by  the  provision  of  mating  contours  between  helmet  and  headrest.  However,  head  flail 
has  the  potential  to  cause  fatal  brain  and  cervical  cord  injury. 

Protection  from  limb  flail  injury  may  be  achieved  in  three  ways.  The  first  consists  of  trussing  the 
ejectee  so  that  no  independent  motions  of  linfcs  can  occur.  The  second,  and  more  acceptable,  method  relies 
on  achieving  a stable  seat  from  the  moment  that  it  leaves  the  aircraft.  In  this  way  only  simple  link 
restraint  is  needed  in  a single,  known  direction.  The  third  solution  is  to  dispense  with  the  ejection 
seat  altogether  so  that  differential  limb  forces  are  reduced.  In  an  ideal  posture  (head  first  into  the 
airatraam),  the  tolerance  of  the  Acapulco  diver  could  be  attained  without  limb  restraint. 

Other  inertial  forces 

Current  ejection  seats  (with  few  exceptions)  are  inherently  unstable  and  tend  to  pitch  back  at  high 
ejection  speeds.  Once  some  pitch,  or  yaw,  has  developed  (due  to  small  aerodynamic  off-balance  forces)  the 
motion  rapidly  builds  up  so  that  the  seat  may  tumble,  or  spin,  over  several  revolutions,  at  rates  of  up  to 
180  rpm.  The  forces  which  lead  to  these  motions  are  again  proportional  to  the  square  of  the  indicated  air 
speed.  Seat  motion  of  this  nature  has  two  consequences.  First,  inertial  forces  are  developed  which  may 
be  tangential  or  centrifugal.  Centrifugal  force  increases  with  exposure  time  as  the  rotational  speed  builds 
up,  and  its  effect  on  the  seat  occupant  depends  upon  the  location  of  the  centre  of  rotation.  Spun  about 
the  heart,  venous  return  will  be  severely  impaired  whilst  the  head  will  be  subjected  to  -Gz  and  the  legs  to 
4-Gz  forces.  A head  24  in  (600  mm)  from  the  centre  of  rotation  would  be  subjected  to  -22  Gz  at  180  rpm. 
Unconsciousness  has  been  produced  experimentally  by  a ten  second  exposure  to  160  rpm,  but  in  practice  the 
duration  of  exposure  (at  this  stage  in  the  escape  sequence)  is  too  brief  for  significant  fluid  shifts  to 

occur.  The  main  problem  of  these  motions  is  that  limbs,  or  head,  may  be  displaced  and  subjected  to  wind 

blast  from  any  direction,  so  that  the  risk  of  flail  injury  is  greatly  increased.  In  addition,  parachutes 
and  drogues  may  become  entangled  when  deployed. 

A second  effect  of  seat  instability  may  also  have  serious  consequences.  If  the  seat  is  not  aligned 
at  the  time  of  drogue  parachute  deployment,  very  high  snatch  loads  may  be  produced  along  axes  other  than 
the  +Gz.  These  forces,  particularly  if  the  seat  has  yawed  through  90°,  could  cause  neck  injury,  or  con- 
cussion due  to  high  angular  acceleration  of  the  head.  Such  injuries  have  been  seen,  but  are  not  conmon. 
However,  as  ejection  speeds  increase,  and  in  particular  as  the  delay  between  ejection  and  drogue  parachute 
deployment  is  reduced  to  improve  the  low  altitude  performance  of  the  escape  system,  such  injuries  must  be 
expected  to  increase  in  frequency.  Again,  the  remedy  is  to  ensure  that  the  seat  is  stabilised  from  the 

moment  that  it  separates  from  the  aircraft.  This  stabilisation  can  be  (and  has  been)  achieved  aero- 

dynamical ly. 

Parachute  opening 

It  has  been  stated  recently  that  major  injury  due  to  parachute  deployment  only  occu-s  when  mechanisms 
designed  to  prevent  operation  at  excessive  speed,  or  altitude,  have  failed.  The  most  likely  injury 
mechanism  is  a snatch  load  on  the  neck,  particularly  if  the  body  is  incorrectly  aligned,  and  thi9  could 
produce  cervical  vertebral  fracture  or  other  neck  injury,  or  concussion.  Neck  injuries  do  occur  in  ejec- 
tion, but  the  incidence  is  low  and  such  injuries  as  there  are  may  have  developed  at  any  stage  in  the  ejec- 
tion sequence  and  are  difficult  to  relate  specifically  to  parachute  deployment.  Thus,  there  were  two  neck 
injuries  in  a series  of  113  ejections  from  A-4  aircraft  and  a further  two  in  40  ejections  from  A-5  aircraft. 
Death  due  to  atlanto-occipital  separation  has  also  been  seen  when  a main  parachute  was  deployed  accident- 
ally at  high  altitude. 

A parachute  must  travel  a distance  equal  to  6-8  times  its  diameter  before  becoming  fully  inflated. 
Inflation  time  decreases,  and  opening  shock  increases,  therefore,  with  velocity.  Free  fall  occurs  at  an 
effectively  constant  IAS  so  that  the  true  velocity  change  increases  with  altitude.  In  addition,  canopies 
inflate  more  rapidly  with  increasing  altitude. 

A current  problem  area  concerns  high-speed,  low-level  ejection  where  an  excessive  (or  even  adequate) 
delay  between  ejection  and  main  parachute  opening  leads  to  a potentially  fatal  loss  in  altitude.  Thus, 
deployment  of  the  drogue  parachute  must  be  obtained  early,  when  seat  velocity  is  still  high.  If  this 
occurs  with  an  adverse  body  attitude,  neck  injury  is  possible.  There  seems  little  doubt  that  the' use  of  a 
ballistic  spreader  gun  to  reduce  inflation  time  of  the  main  parachute  has  been  associated  with  neck  injury. 
Thus,  in  recent  ejections  from  the  two  aircraft  types  referred  to  above,  but  with  the  use  cf  a spreader 
gun,  there  have  been  9 injuries  in  74  ejections  from  the  A-4  and  5 out  of  10  (two  of  them  fatal)  from  the 
A-5  aircraft.  A possible  mechanism  is  that  use  of  the  spreader  gun  causes  opening  forces  to  rise  and  be 
maintained  early  in  the  inflation,  before  the  body  has  become  correctly  aligned. 

Landing  injury 

Between  30  and  40Z  of  ejection  injuries  may  result  from  landing.  Whilst  ankle  injuries  can  be  attri- 
buted directly  to  landing,  spinal  injury  could  be  the  result  of  ejection  forces,  or  landing,  and  it  is 
difficult  to  differentiate  between  these  two  mechanisms.  Indeed,  the  distribution  of  spinal  injuries  in 
parachutists  is  very  similar  to  that  of  ejectees,  except  that  the  spread  of  fractures  above  Til  is  lacking. 
However,  since  landing  injury  is  unrelated  to  ejection  speed,  it  is  not  a limiting  factor  in  high-speed 
ejection  and  will  not  be  considered  further. 

CONCLUSIONS 

Many  of  the  potentially  injurious  forces  developed  during  the  ejection  sequence  are  increased  by  ejec- 
tion speed,  some  of  them  by  the  square  of  the  indicated  airspeed.  However,  tolerance  to  high-speed  ejec- 
tion may  be  greater  than  the  600  kt  hitherto  accepted  and,  with  correct  body  alignment,  may  even  be  double 
this  figure.  For  this  aim  to  be  realised,  research  and  development  must  first  be  directed  towards  the 
achievement  of  a stable  seat  trajectory  from  the  instant  of  separation  from  the  aircraft. 
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PRINCIPLES  AND  PROBLEMS  OF  HIGH  SPEED  EJECTION 
by 

Group  Captain  A J Barvood  OIE  RAF 
Consultant  In  Aviation  Medicine 
Royal  Air  Force  Institute  of  Aviation  Medicine, 
Farnborough,  Hants,  UK, 


SUMMARY 

This  paper  describes  the  principles  of  ejection  - to  recover  aircrew  uninjured,  which  is  beat 
achieved  by  the  use  of  as  simple  an  escape  system  as  technically  possible.  Once  the  system  has  been 
initiated  all  sequences  automatically  follow  and  there  is  no  further  action  required  by  the  ejectee  until 
he  is  descending  on  a fully  deployed  parachute.  The  hazards  of  ejection  and  the  development  of  the  open 
ejection  seat  system  up  to  the  maximal  capability  are  briefly  described.  The  sequences  of  ejection  on  a 
typical  Martin  Baker  Aircraft  escape  system  are  outlined  to  stress  the  simplicity,  and  therefore  technical 
reliability,  of  this  system  as  used  in  the  majority  of  Service  aircraft  in  the  UK  Services, 


This  paper  should  more  aptly  have  been  entitled  "The  Principles  of  Ejection  and  the  Problems  of 
High  Speed  Ejection".  The  principles  must  be  applied  right  across  the  capability  range  of  an  open  escape 
system  to  achieve,  in  the  one  operating  mode,  escape  at  zero  speed  with  a high  sink  rate  and  at  an 
adverse  attitude  to  escape  at  maximum  speed  at  low  level.  The  current  requirement  is  for  escape  up  to 
6S0  knots. 

Firstly  the  Principles: 

1.  To  recover  aircrew  by  means  of  an  escape  system  without  injury  to  their  persons  over  the  whole 
flight  range  of  an  aircraft. 

2.  That  the  escape  system  must  be  as  simple  as  technically  possible. 

3.  That  the  escape  system  must  be  fully  integrated  so  that  it  will  react,  in  minimal  time  to  a single 
simple  triggering  system. 

4.  That  the  need  to  communicate  verbally,  or  by  any  other  means,  the  need  for  the  crew  to  eject  be 
eliminated  entirely  from  the  system  and  that  where  necessary  a system  of  Command  ejection  be  accepted. 

The  need  to  recover  aircrew  wholly  uninjured  is  an  ideal.  All  the  sequences  of  ejection  are 
potentially  traumatic.  Recent  Royal  Air  Force  experience  suggests  that  under  peace  time  flying 
conditions  28X  of  aircrew  are  capable  of  being  returned  to  full  flying  duty  within  seven  days.  It  is  a 
standard  procedure  in  the  Royal  Air  Force  that  all  aircrew  who  have  ejected  are  examined  by  a Consultant 
in  Orthopaedics  and  are  subjected  to  full  spinal  X-ray  within  twenty  four  hours  of  ejection;  and  these 

procedures  occupy  the  greater  part  of  one  to  three  days  depending  on  the  availability  of  facilities,  so  « 

that  a return  to  full  flying  within  days  is  acceptable.  Minor  injury  during  the  sequences  of  ejection 
prevented  a return  to  full  flying  in  a further  BZ  of  ejections.  Major  ejection  injury  including  spinal 
injury  occurred  in  50X  and  landing  Injury  in  8X. 

The  design  of  an  escape  system,  which  must  include  the  clearance  of  the  ejection  path  by  removal  or 
destruction  of  the  cockpit  canopy  and  by  the  retraction  of  the  control  column  or  other  equipment,  such  as 
navigational  devices  and  weapon  sights,  from  the  ejection  path,  must  depend  on  the  design,  role  and 
performance  of  the  aircraft.  Modern  developments  have  considerably  extended  the  flight  capability  of  some 
aircraft  types  into  a very  low,  even  negative,  speed  range  which  may  be  associated  with  high  vertical  sink 
rates  and  into  higher  speed  ranges  not  previously  considered  to  be  safe  for  an  open  ejection  seat  system, 

The  now  obsolete  'V'  bombers  of  the  Royal  Air  Force  were  originally  intended  to  have  capsule  escape 
systems  but  this  was  technically  not  possible  in  the  late  40's  and  early  50's,  The  great  advantage  of 
the  module  or  capsule  is  that  it  provides  vital  protection  against  air  blast  effects  in  the  high  speed 
range  but  the  prcblema  of  separating  and  controlling  the  module  or  capsule  are  such  that  these  have  not 
infrequently  been  replaced  by  a conventional  open  seat  system. 

The  earliest  ejection  seat  system  was  simply  a device  to  separate  the  crew  from  the  aircraft.  This 
overcame  the  problem  of  climbing  out  of  the  cockpit  or  of  finding  the  way  to  an  escape  hatch  or  door, 

The  crew  still  had  manually  to  jettison  the  cockpit  canopy,  to  fire  their  seat  by  a face  blind,  no 
alternative  seat  pan  handle  was  fitted  at  this  time,  manually  to  operate  their  seat  harness  release  and 
manually  to  deploy  their  parachute  canopy.  All  this  took  time  and  the  earliest  ejection  system 
capability  did  not  always  exceed  manual  eacape  capability  but  at  least  separation  from  the  aircraft,  a major 
cause  of  failure  to  escape  in  the  1939-45  conflict,  was  eliminated.  Later  fully  automatic  and  fully 
integrated  systems  were  introduced  and  with  these  escape  capability  increased  very  rapidly  and  by  the 
late  1950’a  most  aircraft  in  Royal  Navy  and  Royal  Air  Force  service  were  equipped  with  a system  capable 
of  recovering  aircrew  at  a speed  in  excess  of  90  knots  with  the  aircraft  level,  at  ground  level.  Some 
systems,  however,  still  had  major  weakness  in  escape  in  flight  in  chat  the  time  delays  required  for  whole 
system  operation  were  oxcessively  long.  The  linkage  of  cockpit  canopy  jettison  to  initiation  of  the  seat 

system  eliminated  an  additional  vital  action  and  waB  known  as  SLE  - single  lever  ejection.  Where  the  t 

cockpit  canopy  must  be  jettisoned  before  the  scat  can  be  fired  a time  delay  must  be  included  at  the  ? 

primary  breech  and  in  some  systems  this  time  delay  was  initiated  only  by  the  separating  cockpit  canopy, 
so  that  if  this  canopy  failed  to  go  the  ejection  could  not  proceed.  Initially  most  of  these  time  delays 
were  of  one  second  and  the  time  delays  on  the  seat  system  sequences  were  also  longer  - up  to  five  seconds 

i 
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<01  automatic  ralaaaa,  This  w*s  m 0<  development  Lad  the*  da lays  von  progressively  decreased  ••  a 
result  of  Oftnttoaoi  axparlanca,  Mf<aMrb|  dmlop«t  m2  tha  critical  Moatuiton  of  escape  systems 
used  for  all  typaa  of  aircraft  of  th*  day.  Barometrically  eoatrollad  time  delays  ora  necessary  to 
prevent  too  early  separation  from  an  ajactod  aaat,  aa  tUi  coaid  produce  paracbuta  entangl  meant  with  the 
aaat  system  and  parachute  deployment  damage  and  excessive  spaed  or  at  excessive  altitude,  in  eoaa  air- 
craft aaat  initiation  operates  tha  canopy  Jattlaon  system  but  ajaction  cun  broach  initiation  la  prevented 
until  tha  departing  cockpit  canopy  haa  removed  a raatrlctor  from  tha  main  gun  breach  vachanlan  after 
uhich  aa  additional  pull  on  tha  initiating  nachanlan  ia  required  to  extract  the  freed  vain  gun  aear. 
Ejection  experience  auggaata  that  the  canopy  jattlaon  and  breach  initiating  pulla  are  indlatinguiehabla. 

In  otbar  aircraft  ajaction  initiation  operataa  tha  canopy  jattlaon  ayataa  and  atarta  a tine  delay  unit  in 
the  ajaction  gun  breach,  but  if  tha  canopy  doea  not  Jattlaou  tha  gun  vlll  fire  at  completion  of  tha  tine 
delay  and  tha  ejection  vill  be  through  tha  retained  cockpit  canopy.  Ejection  through  a (operating  cock- 
pit canopy  ia  likely  to  be  highly  haiardoua.  Intentional  through  tha  cockpit  canopy  ejection  vae 
initially  accidental  but  later  becaaM  routine  fron  a umber  of  aircraft  and  bad  tha  great  advantage  of 
saving  tine,  Through  cockpit  canopy  ajaction  haa  always  been  note  haeardooe  than  ejection  after  cockpit 
canopy  jattlaon,  producing  a vary  auch  higher  incidence  of  ip Inal  injury  and  a high  Incidence  of 
equipment  daaage  which  has  bean  prejudicial  to  ultiuata  survival . Therefore  an  alternative  nethod  of 
breaking  the  cockpit  canopy  was  desirable  and  research  with  cord  explosives  haa  resulted  in  tha  applica- 
tion of  Miniature  Detonating  Cord,  MDC,  to  the  inside  of  tha  canopy.  This  cord  contain!  an  explosive 
contained  within  a tube  which  totally  disintegrate*  whan  fired.  At  the  preaent  time  tha  only  swterlal 
which  can  ba  used  for  this  purpose  ia  lead.  A thin  lead  tuba  containing  axploalve  la  backed  by  two 
layers  of  thin  lead  loll  and  ia  aucloaad  in  a polyolefin  tube  and  rolled  to  a D shop*  with  the  foil 
backing  in  tha  curve  of  tha  D.  This  ia  stuck  straight  side  of  tha  D outwards  on  th*  lnatda  of  the  cock- 
pit transparency  in  a pattern  designed  to  produce  max Inal  fragmentation  of  tha  cockpit  canopy  when  the  . 

MDC  is  fired  by  initiation  of  a detonator  an  upward  aaat  movement  or  manually  for  assargancy  ground  agrees, 
or  lor  rescue  f rota  the  outside  of  the  aircraft.  MDC  cord  1*  applied  to  the  central  area  through  which  tha 
pilot  or  craw  will  ba  ejected  and  alio  around  tba  periphera  of  the  canopy.  Tba  lead  in  tha  lead  tubing 
and  tba  lead  of  th*  lead  backing  will  inevitably  raact  onto  th*  aircrew  and  tends  to  be  focused  by  tha 
canopy  curvatures.  Sons  additional  protection  wnat  therefore  ba  provided  to  prevent  this  lead  splatter 
reaching  tha  ayee  or  destaging  tha  atola  of  tha  life  preserver  or  other  equipment, 

Tha  timing  of  th*  sequences  of  ajaction  hae  varied  through  the  development  period  of  the  last  twenty 
five  year*.  Initially  timiuga  were  long  to  allow  the  drogue  ayatem  time  to  align  the  aaat  before  separa- 
tion and  parachute  extraction,  but  tha  evolution  of  the  dual  drogue  system  and  high  energy  drogue  bullet 
and  tha  need  for  more  rapid  ayatem  function  resulted  in  progressive  reduction  in  the  time  delays,  but  tha 
increase  in  aaat  capability  provided  by  tha  addition  of  a rocket  pack  to  apply  sustained  thrust  after 
cest/aircraft  aaparatlon,  in  order  to  increase  aaat  height  and  trajectory,  resulted  fn  an  increase  in  the 
time  delay  in  tha  bCTU  tc  2J  second*  from  tha  norssal  1[  seconds,  but  the  G stop  was  raseovad,  Timing  at  , 
advaraa  attitudes  can  become  very  critical  and  at  low  altitude  tits  addition  of  rocket  thrust  can 
advaraaly  affect  ajaction  capability,  This  is  aa  area  which  nay  offer  Improvement  in  the  next  few  years 
aa  tha  afflux  from  tha  rocket  pack  could,  perhaps,  be  controlled  so  that  tha  line  of  thrust  to  the  centre 
of  gravity  of  tha  aeat/taan  system  could  ba  controlled  to  vector  the  east  into  an  altitude  gaining 
trajectory.  Tha  ability  to  select  a long  or  a short  tine  delay  to  seat  men  aaparatlon  haa  existed  for 
years,  thia  being  deternlned  by  Q sensing,  but  tha  addition  of  alternative*  to  aaat  system  function*  adds 
coetplaxity  and  can  only  ba  acceptable  if  auch  eystrnu  are  simple  and  wall  proven  and  if  the  naxt-in- 
•aquanca  ayataa  automatically  provide*  a back  up  against  single  system  failure.  In  the  design  of  British 
Escape  ayataa*  tha  main  principle  has  bean  JXKPLTCXTT  for  RK.IABILI7T.  Complexity  hae  been  avoided  as 
this  leads  to  more  difficult  servicing  and  thus  to  a less  reliable  systea. 

The  mechanics  of  ejection  era  simple.  Ejection  initiation  may  ba  by  the  use  of  the  seat  pan  handle 
for  preference  - for  preference  becaure  this  is  the  control  moat  easy  to  reach  and  to  activate  in  an 
emergency.  It  also  positions  the  hanat  and  the  arms  inboard  of  the  aaat  to  reduce  the  possibility  of 
albow  scuffing  in  ejection  for  narrow  cockpits  or  through  the  cockpit  canopy  even  though  this  may  be 
fragmented  by  MDC.  A face  blind  haa  advantage*  when  time  it  not  critical,  «g.  at  altitude  end  when  speed 
can  ba  turned  intb  altitude,  aa  it  help*  to  retain  the  head  and  bead  equipment  during  exposure  to  high 
■peed  air  blast,  but  it  cannot  ba  racomatndad  for  any  aircrew  Initiating  ajaction  attar  tha  cockpit 
canopy  haa  baan  Jettisoned  either  manually  or  by  tha  earlier  ajaction  of  another  crev  member  is  tba 
airblaat  may  than  dieplaca  the  hands  rearwards  and  ao  make  face  blind  contact  more  difficult  or  tha  alr- 
blaat  may  displace  the  face  blind  from  its  atowage  which  displacement  vill  not  normally  produce  Initia- 
tion. The  precis*  sequences  following  Initiation  vary  from  aircraft  to  aircraft  dapending  on  whether 
tha  ajaction  la  through  th*  cockpit  canopy,  broken  or  not  by  MDC,  or  whether  th*  canopy  must  ba  jettisoned 
bafor*  ajaction  can  follow,  Tha  sequence*  of  ajaction  era  triggered  by  upward  seat  movement > 

1 Ejection  Initiation  may  also  automatically  lover  tha  helmet  vlaor  and  may  alio  fire  MDC. 
flucceaaar.  Jet  Provost  5). 

ii  After  one  inch  of  aaat  movement  upwards  MDC  may  b*  fired. 

(Barrier  PR9  Bav). 

iii  Autc-tona  is  turned  on. 

iv  Th*  aircraft  to  seat  portion  of  th*  Personal  Equipment  Connector  (TIC)  disconnect*  and 
emergency  oxygen  ie  turned  on. 

v Static  rods  on  tha  rear  bulkhead  trigger  the  drogqa  gun  TIsm  Delay  Unit  and  tha  Baroasaerically 
Controlled  Tima  palsy  Unit  (DCTDU) , and  tba  locket  pack  inltlatinq  cable  start*  to  extend. 
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vi  The  upward  movement  of  the  seat  pulls  the  leg  restraint  lines  through  the  snubbers  as  the  legs 
flex  at  the  knee  and  hold  the  legs  back  into  the  restrained  position.  Arm  restraint  may  also 
be  tensioned  at  the  same  time. 

vii  At  full  tension  (900  lbs)  the  leg  line  rivets  break,  separating  the  leg  restraint  line  from  the 
cockpit  floor,  and  arm  restraint  is  also  separated. 

viii  At  full  ejection  gun  extension  the  rocket  firing  cable  is  also  fully  extended,  extracts  the 
firing  sear  and  fires  the  rocket  pack, 

ix  The  drogue  gun  fires  at  completion  of  the  run  of  its  Time  Delay,  (1  “ 1 second). 

x The  drogues  are  extracted  and  seat  alignment  commences. 

xi  Above  barometric  capsule  height  (10,000  feet  or  5,000  metres)  the  BCTDU  will  be  held.  Below 
barometric  height  it  runs  for  its  Time  Delay  (1{  - 2{  seconds),  and  then  sequentially  releases 
(a)  the  drogues  from  the  scissor  release  (b ) the  seat  locks  and  leg  restraint  lines  and  on 
most  seats  the  man  to  seat  portion  of  the  personal  equipment  connector, 

xii  The  drogues  with  pull  transferred  to  the  extraction  line  open  the  parachute  container,  extract 

and  stream  the  parachute  which  then  deploys.  Deployment  may  be  assisted  at  low  speeds  by  anti- 

squid lines  which  carry  the  load  between  the  pulling  drogues  and  the  parachute  risers  and  thus 
allow  the  periphera  of  the  canopy  and  the  associated  shroud  lines  to  separate  and  inflate  quickly, 
and  so  the  parachute  to  deploy  more  rapidly.  At  higher  speeds  - in  excess  of  about  200  knots  - 
the  anti-squid  lines  break  bo  that  seat  loading  is  reduced.  Taschengurts  also  produce  loops  of 
periphera  which  act  as  scoops  to  separate  the  periphera  rapidly  and  so  assist  rapid  parachute 
canopy  deployment . 

xiii  As  the  parachute  deploys  the  harness  is  pulled  away  from  the  seat  to  which  it  is  retained 
during  parachute  extraction  by  the  sticker  straps,  these  being  desirable  to  prevent  seat 
parachute  interference. 

xiv  The  seat  falls  away  and  the  crewman  descends  on  his  deployed  parachute. 

xv  On  some  seats  the  man  portion  of  the  PEC  is  separated  by  a lanyard  from  the  life  preserver 
at  seat  man  separation. 

The  mechanism  used  to  produce  the  sequences  of  ejection  is  very  reliable.  The  pitch,  yaw  and 
rotation  of  the  seat  immediately  after  separation  from  the  aircraft  may  produce  very  unpleasant 
vestibular  sensations  which  may  suggest  that  the  alignment  system  has  failed.  Such  sensations  must  be 
regarded  as  normal  and  should  be  ignored. 

Thus  the  modern  escape  system  has  developed  into  a simple,  integrated  system  requiring  only  one 
action  by  aircrew  up  to  full  parachute  deployment.  The  use  of  Command  Ejection  is  a valuable  method 
of  saving  time.  Command  Ejection  is  the  automatic  ejection  of  one  crew  member  by  the  initiation  of 
ejection  by  another  and  this  may  have  to  involve  some  additional  time  delay  to  ensure  that  individual 
escape  systems  do  not  collide  or  interact  and  to  allow  the  commanded  crewman  time  for  the  system 
automatically  to  pos? tion  him  for  ejection.  In  the  past  it  has  been  traditional  that  the  Captain  of  an 
aircraft  should  be  the  last  to  leave  and  this  was  reasonable  if  he  was  trying  to  control  the  aircraft  to 
assist  his  crew  to  abandon,  but  in  modern  aircraft  with  individual  escape  by  ejection  this  no  longer 
applies,  and  the  need  for  all  the  crew  to  be  clear  of  the  aircraft  as  rapidly  as  possible  after  the 
Captain  has  declared  an  emergency  requiring  abandonment  makes  Command  Ejection  the  preferred  method.  It 
completely  eliminates  the  communication  time,  and  communication  may  be  difficult  to  impossible  under 
conditions  existing  in  the  aircraft.  It  also  eliminates  the  crew  reaction  time.  In  the  past  Command 
Ejection  systems  have  been  excessively  complex,  to  the  extent  that  they  have,  in  some  aircraft,  been 
de-activated.  Sequenced  ejection,  the  timing  or  holding  of  one  individually  initiated  ejection  so  that 
collision  with  another  individually  initiated  ejection  cannot  occur  is  sometimes  necessary  and  is  also 
complex  as  it  must  work  either  way.  This  Institute  has  developed  a philosophy  that  the  pilot,  who  alone 
is  aware  of  the  precise  behaviour  of  his  aircraft,  should,  when  he  so  decides,  Initiate  his  own  ejection 
without  the  need  to  communicate  this  to  his  crew  when  conditions  are  critical.  The  IAM  system  uses  the 
upward  movement  of  the  pilot's  seat  to  return  the  Observer  or  Navigator  to  an  acceptable  erect  attitude 
by  tensioning  his  shoulder  restraint  harnesses  and  after  a minimal  time  delay,  initiated  by  the  pilotfs 
ejection  initiation,  the  Observer  or  Navigator  is  ejected.  The  Observer  or  Navigator  still  retains  his 
normal  ejection  capability  with  individual  initiation.  The  system  is  capable,  with  minor  modification, 
of  being  used  in  reverse,  in  which  case  the  Observer  or  Navigator  would  intentionally  select  Reverse 
Command  ON  so  that  his  ejection  initiation  could  eject  a fully  restrained  unconscious  or  otherwise 
incapacitated  pilot.  The  system  has  the  very  great  advantage  of  extreme  simplicity  and  of  requiring  no 
pre-flight  or  in-flight  action  other  than  the  removal  of  a sear  pin  paired  to  the  main  gun  sear  pin.  The 
adoption  of  this  system  in  RAF  and  RN  tandem  aircraft  could  have  produced  nothing  but  benefit  if  applied 
retrospectively  to  ejection  experience  over  the  last  four  years.  It  would  have  saved  at  least  two  lives 
lost  through  the  waste  of  time  to  communicate  the  need  to  eject  and  by  collision  with  part  of  another 
aircraft  escape  system.  It  would  also  have  prevented  a near  collision  and  have  prevented  a near  failure 
when  a canopy  failed  to  jettison  due  to  aerodynamic  loading. 

To  revert  to  the  Principles  - SIMPLICITY,  RELIABILITY  with  RAPIDITY  are  the  keynotes  for  survivoable 
ejection. 


High  speed  ejection  poses  problems  all  associated  with  the  ability  of  man  to  tolerate  high  speed 
air  blast  of  short  duration.  These  effects  are  maximal  at  low  level,  JroV^  where  ro  is  the  air  density 
and  V the  speed  applies  and  the  effects  increase  dramatically  with  the  increase  in  V^,  Whenever  possible 
speed  should  be  converted  into  altitude  but  time  is  so  critical  that  this  has  seldom  been  possible  in  RAF 
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«J  ectlon  eapet  lance  and  appear  ■ not  to  here  baa  a practical,  or  perhaps  desirable,  in  7 SAPy'USH  ejection 
experience  la  South  Kart  Mia.  It;  tha  |*viod  *.>68-197*  a TAB  'if  34fl  knot*  wi  exceeded  oo  only  thru 
ocean Iona  la  about  140  ejection*  cad  aarloua  air  blaat  and  liab  flail  injwrlee  have  not  occurred.  The 
loaa  of  a protective  helmet  cannot  always  ba  attributable  to  air  Mart  but  the**  have  fcaan  lost  In  high 
•pood  ejection*  and  blaat  injury  to  tha  aye*  ha a occurred , enbrenjuactival  haemorrhage  reaolvin*  in 
12-15  day*.  Air  blaat  damage  to  equipment  hat  been  minimi’'  bat  taet  experience  suggaetr  that  tone 
•cuffing  of  Ilaaarelon  ( -ivcrell  neck  aeala  jay  have  been  produced  by  air  bleat  on  ejection  and  not  hy 
contact  with  tha  Ufa  preserver  or  parachute  rlaara  us  originally  euggaated. 

OS  aj action  arparia&ca  in  South  Bail  Asia  hie  put  the  apeed  of  ejection  i'p  by  about  100  knot*  and 
c high  percentage  of  ejections  were  occurring  at  speeds  in  excees  of  400  knote.  Thla  hae  produced  a 
much  higher  incidence  of  upper  and  Iowa?  limb  flailing  Involving  injury  and  liab  fracture,  and  chi*  via 
a rriaery  cause  for  aircrew  being  unable  to  evade  capture  a f of  their  inability  to  lurv.ive  subsequent 
t)  water  entry. 

Protection  against  tha  effect*  of  air  bleat  warn  fleet  provided  on  tha  H;  8 ejection  eaat  for  the 
ISK  2.  Positive  shoulder  harness  retraction  preceded  heed  'etraction  and  retention.  Leg  reetraiut  wee 
conventional  but  an  >••  trait  t wai  aleo  provided,  c,>  da  being  applied  ia  tunnels  on  the  outer  coverall 
from  shoulder  to  wrist,  the  cords  being  tensioned  by  upward  seat  am  vane  at . The  heed  retraction  cords 
war*  eeveied  before  seat  **n  separation  and  lag  and  arm  restraint  wars  released  conventionally.  The 
TSft  2 sea:  was  attentively  tested  but  wee  never  uend  In  et^or.  Or  the  Xk  10  seat  for  tha  MX£A  and  finwk 
lag  restraint  ia  again  conventional  and  am  reatraint  is  alallar  to  that  or,  tha  Kk  8 ecet.  Bead 
restraint  ia  not  applied  but  the  head  will  be  located  in  e shaped  haadraet  into  which  the  wnclosed  halieet 
will  locate.  Tha  vieor  of  tVile  helmet  will  be  antoaut ice \ ly  closed  at  . ejection  Initiation  and  tha  east 
alco  provide  automatic  shoulder  heme  a a retraction.  TeeHig  of  the  eyitec  end  uesociaf.ed  flying  clothing 
•••Bbliea  has  revealed  weaknesses  which  suggest  that  eiactim  in  oaceea  of  600  knots  on  an  open  seat  is 
likely  to  ba  a traumatic  experience  bi  t should  not  be  rnyching  like  as  train atic  as  tha  altenu.tlve . 

Current  etatietics  suggest  that  Che  majority  of  ejections  will  continue  to  be  at  lowieb  epevde  and 
at  lowish  altitudes . Sons  a",  darner  ive  time  delete  may  Incase  necessary  to  iinable  the  syster  to  function 
effectively  at  both  ends  of  the  epeed  scale  and  these  sunt  be  capable  of  failing  eafe,  i>  that  etunld 
one  mode  fail  tha  next  will  auteeuelcally  operate. 


65 


aaatart  add  nrreu  tsun  sritnts 

>>f 

Sqn  Ur  0 C Reader 
U7  Institute  of  Av  loti  an  Medicine, 
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stnoeacticm 

The  role  of  escape  eystmea  in  fixed  Mini  military  aircraft  la  now  wall  established , Almost  all 
coaikat  fixed  wing  aircraft  In  BATO  countries  are  equipped  with  ajactlon  aaata  and  considerable  affort  la 
•pant  on  improving  tho  performeaca  of  tbaaa  aaata  for  future  aircraft,  Tha  subject  la  vaat  and  ttala 
artlcla  will  ha  Halt ad  to  describing  aona  of  thoaa  araaa  whara  currant  cacapa  systems  ara  daflclant  and 
aom*  ray  a In  which  future  ayatoaa  aaak  to  overcame  thoaa  daf  lotenciaa . 

EECAFE  PATH  CUAHATK 

Ref ora  al  .'crew  can  aacapa  a clear  path  nuat  ba  provided  aa  quickly  and  aafaly  at  poaalble.  Cockpit 
canoplaa  can  ba  renorad  manually,  by  pnauaatlc  or  hydraulic  pressure  or  by  pyrotechnic  cartridge!.  All 
these  methods  raly  Co  acme  extant  upon  the  aaaietsnca  of  wind  blast  to  remove  tha  canopy.  Under 
conditions  of  (tall,  spin  or  high  sink  rataa,  sleeps ed  la  lev  and  tha  cleevance  of  the  canopy  will  ba 
slower  at  a ties  when  tha  available  time  for  safe  ajactlon  la  least.  SoaM  aircraft  systems  avoid  this 
problem  by  ejecting  Che  crewman  in  his  ajactlon  aoat  through  tha  canopy  material.  Bovever,  this  brings 
in  Its  train  tha  risk  of  bead  and  neck  Injury.  For  VTOL  aircraft,  where  any  delay  could  be  fatal,  the 
canopy  transparency  ie  dispersed  by  aicro  detonating  cord  (MDC)  - a thin  cord  of  explosive  applied  to 
the  inside  surface  of  tha  canopy.  Aa  tha  ejection  seat  starts  to  move,  tha  MDC  fires,  fractures  and 
fragments  tha  canopy  and  ejecta  the  particles  out  of  tha  ajactlon  path.  Aircraft  which  uaa  stronger 
canopy  materials  would  require  bigger  charges  of  MDC  which  would  he  injurious  to  tb',  craw.  In  some  of 
these  aircraft,  rockat  power  le  used  to  jettiaon  tha  canopy  quickly,  a proceaa  that  Is  relatively 
independant  of  air spaed. 

TRAJECTORY  C0WTROL 

Whan  escaping  from  aircraft  at  low  altitude,  tha  trajectory  of  tha  escapee  must  be  controlled  to 
reduce  the  risk  of  grouod  impact  before  tha  parachute  has  inflated.  In  moat  current  escepe  syateaa,  the 
ajactlon  seat  la  stabilised  by  drogues.  Whara  rockets  ara  used,  directional  control  1>  used  to  cope 
with  dif faring  positions  of  tha-  centres  of  gravity  of  tha  man/asat  complex.  Cables  attached  from  the 
seat  to  reel  devices  in  the  cockpit  can  stabilise  the  seat  on  ejection  and  tractor  rockate  can  produce 
very  stable  traj  wtorlee  at  moderate  speed*.  Future  escape  systems  are  likely  to  oaploy  a variety  of 
active  guidance  systems  lor  trajectory  control.  Cyroa  and  fluidic  tensors  have  already  bean  used  to 
drive  vernier  rockets  to  control  trajectories,  but  the  real  challenge  remain*  to  produce  an  escape 
system  with  a trajectory  that  la  height  staking.  This  system  will  alter  the  path  of  an  escapee  away  from 
the  ground.  One  praaiisiug  proposal  la  to  uan  tha  electrostatic  gradient  just  above  the  earth  aa  guidance 
for  this  purpose. 

PARACHUTE  PhEFORMAHCB 

The  aim  of  any  aacapa  system  ie  to  suspend  tha  escapee  below  an  Inflated  parachute  aa  quickly  and 
as  aafaly  aa  possible.  Thus  tha  trend  has  bean  to  shorten  time  delay*  between  ejection  and  parachuto 
opening.  At  high  speeds,  this  results  in  greater  fores*  being  imposed  upon  parachute  and  man.  At 
altitude  and  high  apaads  tha  aim  it  to  reduce  spaed  end  altitude  10  that  the  environment  for  the 
escapee  Is  as  favourable  as  possible.  Current  escape  systems  use  time  delays  between  escape  ana  para- 
chute opening  fixed  at  tha  shortest  allowable  time  bated  on  low  altitude  conditions.  More  advanced 
escape  system!*,  uaa  a variety  of  time  delays  selected  from  altitude  and  airspeed  data  so  that  tha  optlmua 
daisy  for  tha  exact  pra-eacap*  condition*  can  b*  used.  The  mechanism  for  the  time  delay  can  be  either 
electronic  or  pyrotechnic,  Other  system*  deploy  tha  patachute  early,  but  in  a reefed  condition,  and 
only  open  tha  parachute  fully  whan  It  ii  safa,  A variety  of  device*  ara  used  to  reduce  parachute  opening 
time.  Farheps  tha  moat  affective  of  thaae  is  the  anti-aquid  lice,  or  pull  down  vent  line,  which 
increases  tha  drag  of  the  parcchute  and  by  relaxing  the  shroud  lines  allows  the  parachute  to  Inflate  more 
quickly.  In  aoasa  systems,  pyrotechnic  devices  ara  used  to  spread  the  periphery  of  the  parachute 
mechanically  to  reduce  inflation  time,  but  this  can  increase  tha  forces  imposed  upon  the  escapee  at  high 
•peed.  Parachute*  deployed  and  opened  by  mortars  can  alto  reduce  parachute  inflation  time.  The  use  of 
batter  designed  parachutes  can  significantly  decrease  both  opening  tiu.i  and  tha  forces  imposed  without 
such  disadvantage*  as  higher  terminal  velocity  or  instability,  These  improved  parachutes  have  a wide 
application  in  many  typaa  of  escape  system*, 

ELA8T  PROTECTION 

Ai  aircraft  performance  increases,  the  pte-ejection  speed  rises  and  tha  blast  affect*  on  tha 
nacapao  buccmt  more  sarloua.  Tha  ejection  aae:  la  useful  as  a splint  for  tha  torso  egainat  Q force 
at  high  spaed,  but  it  provide*  little  protection  for  tha  limbs,  and  in  some  cases,  tha  head.  Lag 
restraint  devices  ara  usud  with  many  ejection  ••ate  to  raetrain  tha  lege  and  prevent  flail.  Data  from 
returned  prisoner*  of  war  in  South  East  Asia  confirm  that  hostilities  produce  an  increase  in  tha  spaed 
at  ajactlon,  that  thaaa  higher  apeeda  produce  more  limb  injuria*  end  that  limb  injuria*  seriously  affect 
charcae  of  evading  tha  enemy.  For  modern  high  spaed  combat  aircraft  mot*  effective  limb  rast5aint 
device#  ara  proposed  and  restraint  of  tha  arms  may  also  ba  used  in  a manner  similar  to  that  of  leg 
restraint.  Other  forma  of  arm  restraint  have  bean  proposed,  such  a*  paddles  and  nets  outboard  of  tha 
arm*.  Tima  will  rail  which  ax*  the  more  of lastly*. 
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Heed  movement  and  flail  la  a serious  problna  at  hijh  speed  aa  head  injuries  would  considerably 
raduca  the  chances  of  survival.  Many  methods  hava  baas  proposed,  but  tha  alnplaat,  a cord  device 
attached  to  the  helmet,  has  bean  rejected  ''ecauae  of  the  disadvantages  of  the  conoectlon  and  disconnection 
before  and  after  each  sortie,  tension  of  tue  corda  on  be  helmet  and  possible  limitation  of  head  aeovament 
in  flight.  Mechanically  deployed  face  acreaoa  tension  i by  alrblaat  remain  a strong  possibility,  while 
matching  contours  of  hairnet  and  headrest  show  soma  pro. 'aa  considering  the  simplicity  of  the  system. 
Inflatable  devices  around  the  head  end  neck  are  other  incepts  that  duaerve  investigation.  The  ultimate 
In  protection  is  the  capsular  fora  of  escape  where  the  craw  are  cocooned  from  tha  moment  of  escape  until 
ground  or  water  la  reached.  At  vary  high  speeds,  capau  is  hava  a distinct  advantage,  but  the  weight  end 
cost  penalties  are  enormous. 

It  some  degree  of  injury  can  be  accepted  in  tha  vary  few  high  apeed  escapes  which  occur,  than  the 
open  ejection  seat  remains  the  moot  affective  means  of  escape.  Success  rates  from  a wide  variety  of 
sources  confirm  tha  efficiency  of  the  ejection  east  which  has  now  reached  a high  degree  of  sophlstica~ 
tion. 

However,  scats  profitable  avenues  for  research  In  aectne  systems  remain,  Thai's  include  Improvement 
of  tractor  rockets  or  ballistic  tractor  devices  for  high  speed  conditions,  the  development  of  an 
effective  height  aaaklng  trajectory  control.  Improved  limb  and  ha ad  raatralnta  end  the  extension  of 
assisted  escape  sy a tarns  to  helicopters. 
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HELICOPTER  ESCAPE  AND  SURVIVABILITY 
by 

Squadron  Leader  D C Reader 
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Most  fixed  wing  combat  aircraft  are  fitted 
with  ejection  seats.  Most  other  aircraft  carry 
parachutes  and  it  is  only  in  transport  aircraft  or 
derivatives  from  transport  types  that  no  escape 
system  is  provided. 

Helicopters  are  not  so  equipped  and  para- 
chutes are  only  carried  on  some  test  flights. 
However,  a recent  survey  of  British  military 
aircraft  accidents  has  shown  that  the  fatality 
rate  for  helicopters  is  almost  3 times  greater 
than  that  for  fixed  wing  aircraft.  Even  if  no 
escape  system  had  been  fitted  to  the  fixed  wing 
aircraft  in  the  survey,  the  fatality  rate  for 
helicopters  would  still  have  been  higher.  Thus, 
rotary  wing  aircraft  seem  more  hazardous  than 
fixed  wing  aircraft. 

Accidents  will  always  be  with  us  and  as 
helicopters  will  be  used  more  and  more,  it  would 
seem  logical  that  the  case  for  escape  from  heli- 
copters in  flight  be  re-examined.  From  the  point 
of  view  of  cost  effectiveness,  the  US  Army  have 
discovered  that  it  costs  2 to  3 times  more  to 
replace  one  crewman  than  it  does  to  replace  the 
helicopter. 

At  present,  only  auto-rotation  can  be  used 
for  descent  following  an  emergency  in  flight. 

But  auto-rotation  is  designed  for  only  one  type 
of  emergency,,  namely  power  loss,  and  it  cannot 
be  used  under  conditions  of  main  or  tail  rotor 
failure,  mid-air  collision,  fire  or  explosion, 
transmission  freeze-up,. pilot  error  or  disorien- 
tation. In  addition,  helicopters  frequently  fly 
at  altitudes  and  speeds  and  over  terrain  where 
auto-rota^ion  cannot  be  used.  In  the  British 
survey  of  accidents,  only  20%  were  within  the 
parameters  for  safe  auto-rotation.  Thus  auto- 
rotation is  not  the  answer. 

If  an  escape  system  of  some  sort  had  been 
available,  the  helicopter  fatality  rate  could  have 
been  halved.  Data  from  the  USN,  USMC  and  US  Army 
accidents  show  that  between  43%  and  47%  of 
fatalities  in  helicopter  accidents  can  be  avoided 
if  escape  systems  are  provided;  the  German  and 
Italian  figures  also  agree.  The  surveys  also  show 
that  the  majority  of  fatal  helicopter  accidents 
occur  at  low  speed  (below  100  knots),  at  low 
altitude  (75%  below  500  feet,  30%  below  100  feet), 
and  in  a nearly  level  attitude. 

Recently,  an  international  study  group  set  up 
by  the  NATO  Advisory  Group  for  Aeronautical  Research 
and  Development  (AGARD)  has  been  reviewing  accident 
statistics  and  possible  methods  of  in-flight 
escape  from  helicopters.  The  Study  Group  confirmed 
thaf  "here  was  a good  case  for  in-flight  escape  and 
concluded  that  the  following  methods  were  the  most 
fruitful  avenues  of  research: 

1,  For  retrofit  onto  existing  helicopters. 

a.  Manual  bale-out.  Individual  parachutes  are  the 
simplest  form  of  escape  system  and  carry  little 
cost,  weight,  space  and  development  time  penalties 
but  are  limited  in  performance  as  they  cannot  be 
used  at  low  altitude.  However,  had  parachutes  been 
worn  some  22  lives  could  have  been  saves  in  10 
years  in  the  UK  alone.  The  Study  Group  recommended 
that  all  helicopter  crews  carry  parachutes  always. 
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b.  Sideways  extraction  (Fig  1).  Here  a small 
rocket  is  used  to  pull  the  crewman  sideways  out  of 


Fig  1.  - Sideways  extraction. 

the  cockpit  by  means  of  a nylon  strap  attached  to 
his  harness.  When  clear  of  the  rotor,  a parachute 
is  opened  and  the  rocket  is  detached.  This  method 
could  also  be  used  for  crew  in  the  rear  of  a heli- 
copter. The  system  could  offer  better  performance 
at  altitude  but  will  never  work  at  ground  level.  It 
requires  some  modifications  to  the  helicopter  and 
some  development,  although  the  system  is  at  present 
in  use  in  some  American  aircraft.  The  Study  Group 
recommended  that  research  be  started  immediately  on 
this  system. 

2,  For  Helicopters  on  the  drawing  board  but  not 
built. 

a.  Upward  extraction  or  ejection.  These  methods 
(Fig  2 and  3)  require  that  the  main  rotor  be  removed 
before  escape.  It  is  impractical  to  stop,  slow  or 


fold  the  rotor  and  explosive  removal  of  the  blades 
individually  or  of  the  disc  in  toto  is  the  only 
practical  method.  When  the  rotor  is  removed,  a 
lightweight  ejection  seat  or  an  extractor  rocket  can 
be  used,  American  research  has  already  shown  that 
this  can  be  done  reliably  but  there  would  still  be 
some  development  required. 

b.  Sideways  ejection  with  an  L-shaped  trajectory 
(Fig  4).  To  avoid  having  to  remove  the  rotor,  the 
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er—n  U ejected  first  lUwtjri  sad  then  (whan 
elMt  of  tbs  rotor  disc.)  upwards,  7uti  bars 
al rotor  skow  this  to  bt  feasible  by of  2 


fig  a.  - L-ahaptd  ejection. 

rock at*  firing  in  sequence  ato  it  is  a — — of 
improving  the  psrfonsenca  of  tha  eyitea  at  low  level 
"tail a 1 saving  the  rotor  Intact.  Tha  Stud;  Croup 
racoaautoto  that  both  upward  aj action  with  rotor 
rawnval  and  sidawayt  aj action  schemes  should  bs 
davalopto  for  futuie  balicoptara. 

3.  for  balicoptsrs  not  pat  conceived. 

Tha  Study  Croup  racoaatndto  chat  all  oaw 
helicopters  Incorporate  in-flight  ascapa  fron 
concaption.  Kara  Che  hast  c ho lea  is  probably  by 
•aaana  of  an  aacaps  capsule  (Fig  3).  In  this  Bet hod. 
tha  wbola  of  tha  aircraft,  part  of  tha  aircraft,  or 
even  juat  tha  cockpit  is  lowarad  by  parachutaa. 

Tha  capaula  Includes  all  tha  occupants  but  antaila 
considerable  development  and  a waight  penalty. 
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fig  5.  - Bscaps  capaula  cone apt . 

Thara  ara  many  othar  wathoda  ai~!  variations 
that  Uava  baan  conaidsrto,  and  hallcoptar  aircraw 
■ay  hava  idaas  of  thair  darn.  The  iaporteat  point 
is  that  if  no  research  ie  dona,  no  act hod  wi 11  he 
produced  at  all  and  helicopter  craws  will  Barer 
enjoy  the  protection  that  no it  fixed  wing  aircraw 
war  have . 
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Tha  introduction  of  vavaral  dm  cswbat  aircraft  which  have  tha  » true  cur  a 1 integrity  and  th*  angina 
power  to  exeent*  manoeuvres  at  high  lava la  of  acceleration  for  conaldarabla  period*  of  tiaa  r a introduces 
tha  concept  that  certain  operations,  part) cnlsrly  air  to  air  aowbat,  may  ha  physiologically  limited 
rather  than  limited  by  aircraft  design  par  as*  tan . An  acceleration  '.aval  of  CO  a rateinxd  for  ft i eacoaua 
baa  been  suggested  aa  a point  to  whic'.t acceleration  protection  should  bo  aland,  although  higher  G lavelf 
for  shorter  parioda  of  tiaa  can  be  expected. 

For  bomb  decades  the  accepted  method*  by  which  tha  physiological  compensatory  muebaniaau  of  the 
pilot  ara  enhanced  essi 

1.  The  pneumatic  ci  'ri  G svi  ' . increasing  peripheral  vascular  rasistaaca  and  preventing  venous 
'ooling  lnth*  "eve*  llefca  aao 

2.  Voluntary  aaasuraa  such  as,  auacla  fencing  and  the  Ml  manoeuvre , incraaa lug  venous  return,  and 
raising  intra-thoracic  preaaura  and  hence  systemic  blood  praaaura. 


Theta  nae auras  have  been  adequate  aa  tha  phyaiological  liaiita  of  their  effectiveness  have,  for  tha 
■oat  putt,  been  eiariler  to  airframe  llsdts  In  tha  6-70  level.  With  this  amount  of  protection  a pilot, 
coated  in  a conventional  ejector  teat,  can  reesHn  ions  clous  with  adequate  vision,  This  indicate*  that  a 
naan  blood  prasaura  tt  tha  ay  a gr  safer  than  tha  i.ntra  ocular  prataure  is  being  meiureioed,  The  pilot  la 
required  to  votk  bard  at  muscla  tensing  which  in  Itself  nay  ba  fatiguing  and  soma  perfovaance  dacraaseut 
stay  result.  Expo# urea  to  hitter  acceleration  levels  indicate  that  above  the  6C  level,  a man  conven- 
tionally protected  is  in  incraaa log  danger  of  vieual  loss  end  lore  of  cnnaciouanoai.  In  a rectal  joint 
United  Statee  Air  Force  end  Royal  Air  Force  stud,  il)  tvvlvc  xperienced  centrifuge  aubjects  were 
subjected  to  >6(1,  for  two  periods  of  one  minute  each.  They  wore  equipped  with  anti  C suits  and  performed 
tha  Ml  manoeuvre.  Of  tha  possible  total  of  twenty  four  minutes  spent  at  BG,  only  seventeen  minutes  were 
arh’eved  du?  to  ion  of  vision  or  conacioutnaaa . Additionally,  tha. e la  acme  evidence,  from  animal 
studies,  that  exposure,  to  high,  sustained  acceleration  may  result  In  a degree  of  cardiac  dasage. 

In  order  to  maintain  adequate  vision  tha  swan  blood  praaaura  at  the  eye  must  exceed  the  20-25  a*  Hg 
iutru  ocular  pressure  and,  for  some  margin  of  safety,  a preaaura  in  the  order  of  50  am  Hg  would  ba 
acceptable.  At  >60,,  a further  190  aw  Hg  pressure  is  required  at  heart  level  simply  to  overcome  tin 
hydrostatic  pressure  drop  resulting  from  the  30  cm  vertical  distance  between  heart  and  eye.  Therefore, 
et  heart  level  a.pieuuwrc  cC  240  ma  Hg  must  ba  developed.  Thia  Is  at  least  a twofold  increase  over  tha 
normal  value.  At  this  high  level  of  artarial  blood  prasaura  tha  aortic  barorccaptors  will  be  exposed  to 
a prasaura  considerably  in  excess  of  that  vhioh  is  normal  and  they  will  function  to  reduce  the  blood 
praaaura.  At  this  level  of  acceleration  therefor*,  maintaining  venous  return  alone,  as  a conventional 
anti  G suit  does,  is  likely  to  have  littls,  if  any,  affect.  The  problem  st  high  C levels  centres  around 
this  grant  disparity  of  pressures  at  heart  and  aye  lsvsl . Protection  Bust  be  centred  around  attempting 
to  reduce  this  difference. 

The  reclining  seat  is  perhaps  the  post  practical  method  at  the  moment.  This  method  of  reducing  the 
effective  heart  to  brain  distance  is  not  new  and  has  uesu  tha  subject  of  much  discussion  and  experiment: . 

•y  reclining  the  back  of  the  pilot’s  seat  a +G,  environment  is  changed  to  cue  with  a combination  of  *G, 
and  XJ,.  . 

Tha  vertical  heart  to  brain  distance  of  e pilot  reclined  in  this  way  is  tha  cosine  of  the  angle  of 
the  seat  beck  from  the  vertical.  Given  a heart  Co  brsic.  distance  of  30  rasa  whan  vertical,  than  at  M° 
from  tha  vertical,  tie  vertical  heart  to  bxeln  distance  will  be  12  mu.  At  this  angle  tha  blood  prasaura 
required  at  heart  level  to  Maintain  the  desirable  50  eta  Hg  et  the  eye  it  120  am  kg  which  should  ha  easily 
maintained  during  acceleration.  Thus,  by  using  c.  reclining  seat  s situation  which  imposes  a saver* 
cardiovascular  stress  may  be  alleviated  to  the  point  vhera  a normal  blood  pressure  will  suffice.  However, 
a sear  with  s hack  angle  of  66°  free  the  vertical  would  mean  a complete  reappraisal  of  th*  cockpit,  TV 
forward  vision  from  such  a cockpit  particularly  la  th*  landing  configuration  la  likely  to  ha  severely 
restricted.  One  aerodynamic  factor  la  of  note  in  chi*  situation.  When  tight  turns  or  pulling  up 
manoeuvrss  ars  performed  th*  lifting  surface*  of  the  aircraft  are  required  to  generate  an  increased 
amount  of  lift  corresponding  to  the  amount  of  G pulled,  In  order  to  do  this  the  lifting  surfaces  have  to 
ha  presented  to  the  relative  airflow  at  an  increased  angle  of  attack,  l.e.  tha  aircraft  files  in  a nose 
up  attitude  to  tha  airflow.  The  pilot's  seat  is  effectively  reclined  to  the  G vector  by  the  same  amov.ct 
as  th*  angle  of  attack  ha*  increased.  In. tome  new  aircraft  this  ability  to  fly  at  large  -agle#  of  attack 
may  assume  practical  proportions  in  increasing  G tolerance.  Consider  an  aircraft  equipped  with  a seat 
with  a back  angle  of  60°  from  tha  vertical,  This  would  result  in  a halving  of  heart  to  brain  distance, 

If  this. aircraft  wars  capable,  in  high  G manoeuvres,  of  flying  at  a 15°  increase  in  angle  of  attack  than 
th*  rotative  back  angle  to  th*  C vector  would  b*  75°  giving  an  effective  heart  to  brain  distance  of  1 cma 
whan  a blood  pressure  of  120  am  Hg  would  be  adequate  for  approximately  12G. 

Whilst  a radioing  seat  does  result  in  considerable  reduction  in  cardiovascular  strata  during 
increased  acceleration  th*  X3,  component  la  still  significant  with  tha  result  that  in  those  areas  o* low 
the  heart  that*  will  still  be  pooling  of  blood  and  aoeM  lowering  of  vanoua  return.  To  prevent  this  a 
conventional  anti  G suit  would  still  be  useful  And  such  a suit  ha*  bean  shown  to  increase  peripheral 
greyout  thresholds  even  at  hack  angles  of  75°  from  the  vertical  (2). 
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From  tl ; aw41wiwulir  upset  tha  lut,  oka  large  back  angles  from  th*  nttiotl  in  used, 

can  provide  a good  me  thou  of  providing  pro  taction.  If  tha  respiratory  i;ita  la  cotuidaror  tba  situation 
la  less  proteiag.  ' • •/  • • 

1 r#cl>.<‘ljBg  Mae,  to  be  affective  la  relieving  card ievaveular  stress,  subjects  eta  pilot  to  a largo 
♦G*  CMponar>,  Uhaa  subject*  ara  exposed  to  ♦<»,  there  la  u relatively  nail)  decrees*  la  vital  capacity 
(VC),  son*  151  decreixa  at  *10, , This  la  due  to  a reduction  la  insplratovy  capacity,  residual  volume  <RV) 
and  ? notional  raaldual  capacity  (TIC)  remaining  coni  taut . Chang *a  la  regional  ventilation  perfusion 
ratl.c  within  tba  lvng  raault  in  a fall  In  parcantaga  arterial  oxygen  saturation  ti  approximately  35X  at 
♦5 Of,  tub  j act.  a exposed  to  showed  a Mr  lad  fall  la  VC  >*1  th  a reduction  in  expiratory  reserve  voluam 
(ffltv)  ablcb  at  h*A  virtually  disappeared.  Further  Increase  is  eC.<  produces  a fnrthst  reduction  la 

VC  until  at  ed-'/O*  tba  VC  la  only  half  tba  one  C volume,  Arterial  oxygen  saturation  falls  in  a similar 
■sonar  to  that  a*w  during  +0*  rgaln  having  fallen  to  B3I  at  M.  Th*  i.-educr.lcw  In  VC  seen  during  tba  +G, 
ie  attributed  to  tba  laeraaaad  weight  of  tba  chaat  'fall  aai  raatrletiax  of  diapbragMtlc  nobility  by  tba 
abdosUmal  viscera.  The  reduction  if  FkC  la  known  to  predispose  to  acceleration  atelectasis.  In  order  to 
ovarcoaM  thus  respiratory  difficulties  ie  baa  bean  suggested  that  a syataai  of  positive  pressure  breathing 
should  be  used.  Foaitiva  braatblng  lncraaaaa  systemic  arterial  praaaura  which  would  be  an  additional  bonus 
for  the  pilot  although  the  affect  of  dlninlabing  venue  return  to  tba  heart  would  need  to  be  counteracted 
by  further  inflation  of  the  anti  C suit.  The  increased  intre  pul  nonary  praaaura  would  tend  to  ease 
lifting  of  the  chaat  wall  increasing  total  lung  capacity  (TLC)  and  TIC , Tba  increase  In  FRC  would  raault 
in  a larger  nuadier  of  alveoli  being  available  tor  affactlva  gas  exchange  and  tba  tendency  to  atelectaale 
would  be  reduced  particularly  if  tba  gaa  supplied  under  presents  contained  eons  nitrogen  or  sini lar  Inart 
***  • 


Thus,  one  possible  Method  of  high  C protection  involves  a raclltvd  last,  a conventional  anti  0 suit 
and  a positive  praaaura  breathing  facility, 

The  second  method  which  wight  provide  the  degree  of  protection  needed  is  water  iswMcalon.  This 
Method , again,  has  bean  appreciated  for  sms  t<aa  and  baa  bean  shown  to  be  at  least  partly  practical  in 
the  Franko  V'yfOg  ".it.  During  flight  trials  of  the  franks  suit  in  1911  considerable  protection  was 
claimed , bobm  pilots  reporting  accelerations  of  up  to  e96g  without  visual  symptoms.  The  suit  was  not 
adopted  dur  to  Considerations  of  bulk,  weight  and  discomfort. 

The  concept  of  water  immersion  is  attractively  simple  and  offers  the  advantage  that  no  supplies  to 
the  auit  ara  required  in  tba  aircraft. 

Ip  the  case  of  total  body  iseeareion  any  lateral  hydroatatic  praaaura  gradient  ia  balanced  by  an 
identical  pressure  outside  the  body  thus,  cerebral  mad  retinal  perfusion  should  remain  unaffected  by 
accalaratira  of  any  magnitude  or  direction.  Vary  high  accelerations,  in  the  order  of  300,  have  been 
coleratwd  for  short  periods  of  time  nairg  total  body  iaamirslon  as  protection  (3).  laser si on  to  aye  level 
baa  bean  reported  to  suable  a subject  whose  normal  gteycut  threshold  Wes  *3C,  to  tolerate  el6at  with  no 
visual  loss.  Obviously  immersion  to  thie  degree  la  uaaccaptvbla  In  airc’cafl  hut  lamer r 1 rr.  from  the  heart 
level  down  My  be  feasible.  In  auch  a situation  an  increase  in  MJ,  would  have  no  effect  on  the  venous 
return  to  the  heart  with  no  pooling  in  the  lower  limbs  and  abdomen  above  that  seen  at  elC* . Thus,  the 
compensatory  change*  seen  norms lly  during  unprotected  acceleration  exposure*  could  be  directed  exclusively 
to  Minteining  cerebral  blood  flow.  A further  possibility  la  to  lnrreaas  tha  tonicity  of  tba  liquid 
surrounding  tba  body  ao  that  tha  praaaura  exerted  by  the  suit  exceeded  that  created  within  tha  body  by 
increased  acceleration.  This  would  tend  to  have  a direct  affect  on  the  pressure  at  heart  level  and 
enhance  venous  return.  A similar  effect  could  be  seen  by  raising  tha  lsval  of  tha  liquid  cover  to  th* 
necV  including  tba  arms  in  the  eult.  With  auch  a suit  not  only  would  there  be  a direct  effect  on  the 
arterial  pressure  and  increase  in  venous  raturn  with  incroase  in  C,  but  tha  hydroatatic  column  to  ha 
supported  would  be  reduced  from  heart  to  brain  diatanc*  to  seek  to  brain  distenoa,  a reduction  of 
possibly  SOI.  Despite  tba  auit  giving  adequate  protection  to  tha  ayatenic  vasculature  tha  pulmonary 
effect  lean  at  high  +0..  would  obviously  still  be  present.  In  this  situation  again  a praaaura  breathing 
facility  would  be  of  use . The  concept  of  surrounding  aircrew  in  liquid  from  the  neck  down  cay  saaac  out- 
landish but  tba  possibility  of  obtaining  good  C protection  at  high  levels  without  major  cockpit  redesign 
ia  attractive,  particularly  aa  a liquid  filled  auit  My  be  used  for  therMl  conditioning  in  aomo  air- 
craft. Tba  anthropometric  and  bioengineering  problems  of  such  a auit  My  however,  make  it  unattainable. 

In  s unwary,  the  cooventioaalanti  Q suit  is  unlikely  to  provide  sufficient  protection  at  high 
a uses load  C levels.  Of  the  two  possibilities  tor  improved  protection,  the  reclining  seat  with  an  anti  C 
suit  and  pressure  breathing  is  probably  the  practical  solution  although  the  liquid  filled  suit  has 
attractive  features  if  the  practical  problems  could  be  ore rcosm, 
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A COMPARISON  OF  RECENT  ADVANCES 
IN  BRITISH  ANTI-G  SUIT  DESIGN 

by 


Surgeon  Commander  J W Davies,  MB,  ChB,D  Av  Med,  Royal  Navy 
Royal  Air  Force  Institute  of  Aviation  Medicine 
Farnborough  Hampshire  UK 


SUMMARY 

Comparisons  in  the  field  of  a knee  length  anii-G  suit  and  an  external  anti-G  suit,  with  the 
standard  British  anti-G  suit  worn  close  to  the  skin,  are  described  and  the  results  discussed. 


The  present  form  of  anti-G  suit  used  by  the  Royal  Air  Force  and  the  Royal  Navy  is  that  worn  close  to 
the  skin,  separated  from  it  by  a thin  undergarment.  This  form  of  garment  has  always  been  considered  to 
provide  the  maximum  physiological  protection,  the  most  rapid  onset  of  protection,  the  minimum  bulk  and 
the  minimal  possibility  of  snagging  hazard.  Its  disadvantages  in  service  are: 

1.  The  difficulties  of  donning  and  doffing  - especially  in  haste,  which  usually  prevents  its 
being  removed  between  sorties. 

2.  It  results  in  the  wearing  of  nylon  close  to  the  skin  which  is  considered  in  some  circles  to 
be  a hazard. 

3.  It  is  often  uncomfortable  when  worn  over  an  Air  Ventilated  Suit  (AVS). 

4.  When  worn  in  conjunction  with  long  underwear,  it  inflicts  a high  degree  of  thermal  insulation 
in  the  leg  and  pelvic  area  resulting  in  heat  stress  and  sometimes  considerable  discomfort  from 
sweating,  not  only  in  tropical  climates  but  even  in  summer  temperate  regions. 

British  aircrew  have  requested  in  the  past  that  consideration  be  given  to  some  form  of  externally 
worn  anti-G  suit. 

The  main  theoretical  disadvantages  of  such  an  anti-G  suit  seemed  to  be: 

1.  Reduced  physiological  protection, 

2.  Less  rapid  response. 

3.  A considerably  greater  interaction  and  snagging  hazard  in  the  cockpit. 

Initially  therefore  an  anti-G  suit  with  reduced  surface  coverage,  attained  by  the  exclusion  of  the 
below  knee  portion  of  the  suit,  was  considered.  Preliminary  studies  on  the  human  centrifuge  in  the 
United  States  and  at  this  Institute  (Crossley,  R.J.  and  Glaister,  D.H,  1970;  Lemon,  J.H.  1970; 

Croasley,  R.J.,  Lemon,  J.H.  and  Turner,  G.M,  1972)  showed  the  mini  anti-G  suit,  as  it  was  called  in 
fond  memory  of  a female  garment  highly  popular  with, the  male  population  in  recent  times  past,  was  as 
effective  a means  of  protection  against  +GZ  acceleration  as  the  full  length  garment.  Calf  pain  during 
acceleration  on  the  centrifuge  was  reported  by  a few  subjects  but  was  not  reported  by  a number  of  pilots 
who  wore  it  in  flight  (Reader,  D.C.  1972).  Crossley  et  al  1972,  recommended  that  a full  experimental 
trial  should  be  conducted  to  assess  the  response  of  aircrew  to  the  suit  when  it  was  worn  during  routine 
squadron  operations.  This  trial  was  carried  out  in  1973/74  and  was  reported  by  Crossley,  R.J., 

Allnutt,  M.F.,  Harris,  B.,  Lemon,  J.H.  and  Turner,  G.M.  in  March  1974. 

The  mini  anti-G  suit  differs  from  the  in  service  Mk  6 and  7 series  in  that  it  covers  the  abdomen 
and  thighs  only  and  as  a result  does  not  require  a closure  sliding  fastener.  It  is  fitted  instead  with 
a tensioning  sliding  fastener. 

The  heat  load  imposed  is  obviously  less  by  the  amount  of  reduced  leg  coverage,  and  whereas  it  still 
cannot  be  doffed  very  easily  (ie  without  removing  the  flight  coverall)  it  is  easier  to  remove  and  to  don 
than  the  full  length  Buit. 

Three  sizes  of  suit  were  employed  in  the  trial  and  a total  of  54  subjects  flying  in  RAF  Lightning, 
Phantom  and  Gnat  aircraft  took  part.  The  majority  of  subjects  (thirty-six)  were  Phantom  aircrew,  half 
of  whom  were  pilots  and  half  navigators.  The  subjects  used  the  mini  anti-G  suit  for  all  operations  for  a 
period  of  nine  weeks,  reverted  to  their  full  length  G suits  for  two  weeks  and  then  continued  with  the 
mini  suit  for  a further  period. 

The  subjective  results  of  the  trial  are  summarised  as  followg; 

Twenty-four  aircrew  (45 7.)  preferred  the  mini  anti-G  suit  on  all  counts. 

Five  (9 7.)  preferred  the  mini  suit  on  the  ground  but  thought  the  suits  equivocal  in  the  cockpit. 

Sixteen  (30Z)  preferred  the  full  length  suit  in  flight  but  still  preferred  the  mini  on  the  ground. 

Four  (77.)  thought  the  suits  equal  on  all  counts. 

Five  (9%)  preferred  the  full  length  suit. 
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Approxiamtaly  ■ third  of  the  alter***  subjective  opinion  *■**  chat  v*  miul  G juit  gav*  lui 
protection  against  *Ca  acral* ration  than  tha  III)  length 

Six  of  the  fifty-four  aircrew  in  t<H  er  vl  reported  calf  discomfort  whsn  exposed  to  *Cg  vhllst 
wearing  tha  mini  ault.  All  ila  ora  Phantom  aircraw  - 4 pilot*  and  2 navigator*.  Flv*  of  theae 
described  only  discomfort  - a fooling  of  fnllnaaa  or  a dull  tcha  but  one  pilot  did  coNplain  of  aavara 
pain. 

Centrifuge  atudina  suggest  that  pain  occur*  at  And  above  *&Gf,  A combined  U8AF  SAH/RAF  1AM 
centrifuge  study  (Crortlay,  R.J.,  Burton,  R.R. , L*v»~*tt,  S.r.  Jr.,  and  Shubrooke,  S.J,  Jr.  1973) 
indlcatad  that  tha  calf  pain  could  ba  prevented  If  tha  subjects  tented  maximally  during  tha  acceleration. 
Caution  ia  required  in  transferring  thia  lnforaation  to  Che  flight  situation  a*  the  exposure  on  tha 
centrlfuga,  whilst  prolonged,  waa  not  repetitive.  How a vat.  tha  might  of  available  svidancc  suggests 
that  calf  pain  occura  on  exposure  to  *Gt  accalaration  wtun  » rariug  tha  oiui  anti-G  ault  only  when  tha 
wearer  ia  relaxed.  It  roaulaa  to  be  repeated,  however,  -hat  tigni  llcent  calf  discomfort  did  occur  In  tha 
RAT  trial  and  in  a similar  US  flight  trial  of  a win!  anti  c ault  '-fgnificant  calf  pain  waa  reported  at 
6C.  It  ia  posslb'a  that  calf  diacoaifort  and  pain  can  occu  oven  in  tenead,  experienced,  aircrew  at 
acoalaratlona  of  +60,  and  above.  Therefore  tha  uini  anti-si  auit  could  not  ba  recotmaanded  unequivocally 
in  the  trial  report  and  an  intensive  cooperative  trial  of  the  rini  and  foil  length  aotl-C  suite  in  Hunter 
and  Phantom  aircraft  performing  high  *Ct  manoeuvre*  waa  auggastad. 

After  study  of  ths  above  report  a decision  was  nade  not  to  proceed  further  with  the  nlnl  antl-G 
auit  but  to  cry  out  Cba  concept  of  an  external  anti-G  auit  ainilar  to  that  wrm  by  tha  United  Slates,  the 
Federal  Republic  of  Goraany,  and  Italian  alrcvtw. 

The  noad  appeared  to  ba  greatest  in  ths  caaa  of  Harrier  aircrew  deployed  in  Europe  where  tha  aircraw 
can  spend  long  periods  in  ths  fiald  at  a high  degree  of  raadinaaa  with  virtually  no  cooling  fscilitia*. 
Therefore,  aix  prototype  external  antl-C  trouaara,  daaigned  by  tha  Miniatry  of  Defence  (Prc  mi  ament 
Kxacutivw),  wara  Manufactured  for  trial  by  then.  Tha  trouaara  incorporated  tha  same  bladder'*  ea  the 
Mark  6 aud  7 aarleej  they  wara  adjusted  and  fitted  by  laces  on  tha  thigha  and  calvaa,  and  on  the  right 
sad  left  aide  of  tha  waist  at  tha  raar.  Tha  lacas  wara  covered  by  aaterial  closed  with  sliding 
fast snarr.  Tha  trial  waa  conducted  between  April  and  September  1271  at  RAF  Wildanrath  with  six  Harrier 
pilot*  from  No.  20  Squadron  acting  aa  subjects  (Harris  and  Owen  1974). 


The  trouaara  were  fitted  with  care,  over  tha  aircrew' a normal  summer  aircrew  equipment  aeeeahly 
(AJU),  with  of  couree  tha  exception  of  tha  Mark  7D  anti-G  auit.  Thigh  and  lower  lag  pockets  ware  fitted 
to  tha  asternal  anti-G  trouaer  for  use  in  place  of  tha  aircrew  coverall. pocket a which  were  occluded  ty 
the  irouaar. 

The  trial  vaa  conducted  in  a similar  fashion  to  that  of  the  mini  enti-C  trouser  in  that  the  six 
subjects  wore  the  external  trouaar  for  sight  weeks,  followed  by  their  in~rervice  Mark  7D.  anti-G  trouser 
for  two  weeks,  and  finally  completed  the  trial  wearing  the  external  trouper  again.  Questionnaires  rare 
completed  by  ell  subjects  one  weak  after  returning  to  waarlng  the  external  anti-G  trouaer,  end  again  on 
completion  of  tha  trial. 

It  can  ba  alatad  iaaaediataly  that  tha  garment*  war*  greeted  with  enthusiasm  and  that  tha  trial* 
team  had  aoma  difficulty  in  recovering  ths  garment*  from  the  appreciative  aircrew. 

Tha  quaationnairaa  reflected  their  opinion: 

1'.  All  aix  preferred  the  trial  garment  to  thair  normal  Mark  70  anti-G  ault. 

2.  All  six  thought  tha  external  garment  aora  comfortable  than  the  Mark  70  airborne  whan 
uninflated,  and  a*  comfortable  inflated. 

3.  Subjectively  all  subject*  thought  the  protection  agalnat  +cx  acceleration*  to  be  equal  to  chat 
of  tha.lr  Mark  7D  auit.  (Previous  experience  at  RAF  IAM  auggeats  that  in  fact  there  will  be  a 
reduction  In  protection  of  approximately  0.2G.) 

4.  All  subject*  found  it  advantageous  to  raaaova  tha  external  trouaer  on  tha  ground  cho-igh  not  on 
all  occasion*.  A particular  advantage  was  tha  ability  to  remove  the  load  of  tha  in-flight  document* 
contained  in  tha  pocket*  at  tb*  same  dm*  a*  the  trousers,  and  than  to  ba  able  to  quickly  don  the 
anti-G  trouaara  and  know  that  all  tha  documents  wara  iamwdiataly  available. 

3.  Five  of  tha  aubjacta  fait  subjectively  cooler  around  tha  lag*  and  abdomen  whan  vaaring  the 
external  trouaara  rather  than  tha  Mark  7D  suit. 

Thar*  wars  a number  of  criticisms  of  tha  trial*  garment.  The  moat  consistent  of  thase  waa 
concerning  tha  multiplicity  of  slid*  fasteners  and  suggestions  that  some  might  b*  replaced  by  velcro. 

The  slide  fasteners  over  ths  adjusting  lacs*  have  already  beau  replaced  by  en  elaatlcated  materiel. 
Lighter  material*  for  construction  of  tha  suit  war*  also  suggsstad  and  a lightweight  external  anti-G 
auit  - adjusted  by  velcro  guaaats  which  is  in  currant  use  by  the  United  State*  Marin*  Corps,  was  dtmon- 
atratad  by  an  exchange  officer. 

To  summarise  - the  results  of  the  trial  showed  that  all  six  subjscts  prafarrsd  the  external  anti-G 
trouaar*  to  the  Mark  7D  anti-G  auit  which  thay  ara  currently  wearing  and  that  thsir  preference  waa 
strong.  Tb*  main  advsntaga  of  the  external  trousar  ia  tb*  facility  to  remove  thaw  between  sorties  and 
don  them  immediately  prior  to  walking  out  to  tb*  aircraft  thua  relieving  the  aircraw  of  soma  weight  and 
thermal  discomfort. 
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These  t4vNt*i»j  appl y la  the  mala  to  tropical  aad  ttoptnu  etmamr  condition* , However,  la 
temperate  viator  conditions  British  aircrew  normally  rut  an  immersion  carat  all,  often  over  insulating 
undergo ruaatts . It  would  um  unlikely  tliat  as  externally  vara  antl-G  trouser  would  provide  adequate 
protection  egai-et  +G,  accelerations  In  auch  elreueutsncee , The  combination  would  alao  be  very  bulky. 

The  trial  report  racoeaeodad  that  the  acceptability  ol  the  uee  of  the  external  anti-G  trouser  under  or 
over  en  immersion  coverall,  be  carried  out. 

A preliminary  aircrew  clothing  integration  exerclaa  wearing  the  external  trouaer  under  a Hark  10 
lamaraloo  coverall  suggested  that  it  might  ha  poeeible  to  wear  the  trouser  in  such  a fashion  if  minor 
improvements  to  reduce  ita  bulk  were  carried  out.  A etudy  of  the  external  antl-C  trouser  worn  oyer  s 
prototype  single  layer  immersion  coverall  which  le  to  be  carried  out  on  the  centrifuge  at  the  RAP 
Institute. of  Aviation  Medicine,  has  just  commenced.  Meanwhile  the  trial  of  the  external  antl-C  trouser 
in  the  Harrier  aircraft  has  been  ronaidarad  sufficiently  successful  to  initiate  further  triale  of  its  use 
in  other  aircraft.  This  may  in  turn  give  rise  to  tha  need  for  further  studies  on  the  cantrlfuge  of  tha 
use  of  the  external  anti-C  trouser  at  high  lsvale  of  *G_  accalarstion  and  Is  combination  with  various 
AKA'a, 
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REVIEW  AND  INTRODUCTION 

* 

Military  air  operations  may  be  conducted  over  the  full  range  of  natural  environments  from  extreme 
arctic  cold  to  tropical  heat.  The  present  emphasis  on  mobility,  with  a strong  tendency  to  reduce  the 
number  of  overseas  bases,  has  diminished  the  extent  of  direct  experience  of  environmental  extremes. 

The  result  is  that  physiological  acclimatization  is  less  widespread  among  military  forces  and 
behavioural  adaptations,  so  markedly  affected  by  experience  and  training  are  less  readily  available. 

The  effects  of  natural  environment  extremes  are  most  pronounced  on  the  ground  activity  side  of  air 
operations  and  in  the  survival  situation.  In  contrast  to  the  effort  expended  on  behalf  of  aircrew  the 
problems  of  ground  crew  have  received  relatively  little  study.  The  situation  may  be  with  us  soon  in 
which  the  overall  effectiveness  of  air  power  in  operations  under  adverse  environmental  conditions  is 
limited  more  by  the  ability  of  ground  crews  to  maintain,  refuel  and  rearm  aircraft  than  by  the  ability 
of  aircrew  to  fly  them.  The  imposition  of  chemical  protection  techniques  is  likely  to  reinforce  this 
position. 

Nevertheless  the  present  course  is  primarily  concerned  with  tne  problems  of  aircrew  and  the  present 
session  on  thermal  problems  will  be  mostly  concerned  with  the  flight  environment.  The  three  papers 
deal  with  operations  in  cold  environments,  thermal  problems  in  high  performance  aircraft  and  personal 
conditioning.  It  would  not  be  possible  in  the  time  available  to  deal  comprehensively  with  the  whole 
thermal  research  programme  at  the  Institute  and  the  three  papers  selected  concentrate  heavily  on  the 
applied  problems  in  the  RAF.  Our  basic  research  is  mostly  published  in  the  open  literature  and 
therefore  available  for  those  with  a special  interest. 

Thermal  problems  in  the  flight  environment  are  only  partly  and  mostly  indirectly  caused  by  the 
external  ambient  environment.  In  high  performance  aircraft,  for  example,  kinetic  heating  of  the  cock- 
pit is  largely  dictated  by  speed  and  altitude  and  differences  in  ambient  temperature  of  the  order  of 
20°C  between  temperate  and  tropical  countries  have  only  a small  effect.  Another  potent  contributor  to 
the  thermal  load  in  the  cockpit  is  the  increasing  amount  of  avionic  equipment  in  modern  aircraft. 

However,  perhaps  the  most  significant  cause  of  thermal  problems  arises  from  the  necessity  to  protect 
the  pilot  from  a whole  range  of  aviation  hazards.  Such  protection  involves  the  use  of  complicated 
multi-layer  clothing  assemblies  including  several  impermeable  garments  such  as  anti-G  suits  and  partial 
pressure  jerkins.  These  clothing  assemblies  significantly  increase  the  insulation  between  the  pilot 
and  his  environment  and  diminish  the  effectiveness  of  his  normal  thermoregulatory  responses.  The 
recent  introduction  of  chemical  protection  adds  a further  dimension  to  this  aspect  of  the  problem. 

This  matter  and  its  influence  on  the  design  of  cabin  and  personal  conditioning  systems  is  dealt  with  in 
some  detail  in  the  other  papers. 

The  end  result  of  many  investigations  into  thermal  stress  problems  is  a statement  of  the  relevant 
environmental  conditions  and  of  the  pilots*  body  temperature  responses  to  these  conditions.  The  diffi- 
culty often  lies  in  the  interpretation  of  these  findings  in  terms  of  their  likely  effects  on  operational 
efficiency.  Usually,  the  levels  of  stress  observed  fall  well  short  of  those  associated  with 
physiological  collapse,  but  they  frequently  come  within  the  range  where  adverse  effects  on  performance 
might  be  expected.  Herein  lies  one  of  the  major  problem  areas  in  the  thermal  field  since  existing 
literature  concerned  with  the  performance  effects  of  thermal  stress  is  far  from  adequate  to  enable 
confident  definition  of  what  is  acceptable  and  what  is  not.  For  the  time  being  this  Institute  uses  a 
deep  body  temperature  limit  of  38.0OC  as  the  upper  acceptable  limit  beyond  which  serious  performance 
decrements  are  likely  to  occur.  The  evidence  for  this  limit  is  only  tentative  and  much  detailed  work 
is  required  to  substantiate  or  modify  it.  It  might  be  useful  to  outline  some  of  the  problem  areas: 

(a)  Much  of  the  existing  literature  relates  performance  directly  to  environmental  parameters,  It  is 
very  difficult  to  apply  this  work  to  aviation  because  of  the  overriding  influence  that  factors 
such  as  work  rate  and  clothing  have  on  the  pilot’s  response  to  defined  environmental  conditions. 

It  is  more  useful  in  practice  to  relate  performance  to  specific  levels  of  thermal  strain  in  terras 
of  deep  body  and  skin  temperatures  and  heart  rate, 

(b)  There  is  insufficient  evidence  to  enable  us  to  distinguish  performance  effects  that  are  directly 
due  to  increments  in  the  temperature  of  blood  perfusing  the  brain  from  those  that  arise  from 

unpleasant  sensory  stimulation  at  the  periphery.  _ . 

(c)  Little  is  known  of  the  performance  effects  of  transient  thermal  stress  which  is,  of  course,  common 
in  high  performance  aircraft.  High  rates  of  increase  of  body  temperature  might  have  greater 
adverse  effects  than  absolute  levels. 

(d)  Almost  nothing  is  known  of  the  effects  of  duration  of  body  temperature  elevation  on  performance.  I 

(e)  It  is  unknown  whether  those  whose  routine  experience  includes  frequent  elevations  of  body  temper- 
ature ore  less  effected  by  them  than  those  for  whom  such  stresses  are  only  occasional,  Most  of 
the  existing  experimental  results  are  for  individuals  in  the  latter  category  whereas  pilots  of 
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high  performance  aircraft  art  probably  Lb  clw  former. 

(I)  There  l*  some  information  available  cm  the  interaction*  el  different  atraiaea  loaufar  a*  perfor- 
MKt  affect*  arc  concerned.  la  aoaa  caaaa  theae  nay  ba  additive  euch  aa  when  thermal  atraaa  it 
coafclned  with  iota  of  aleap  or  aecaiaratioa.  In  other  caiua , auch  aa  tha  real  atraaa  tad  nolae  or 
vibration,  the  combined  e f fic  t aajr  he  ia<a  then  that  of  theraal  atraaa  alone.  However,  with  the 
preaent  lack  of  detailed  knowledge  on  tha  perfonaaact  affect  of  individual  atreaaaa,  It  it  doubt- 
ful whether  the  current  vogue  for  work  on  nultl-atreia  anvlrnrmenta  will  do  ouch  to  clarify  tha 
problaa. 

1 have  Mentioned  thia  problaa  in  ay  introduction  becauea  you  will  hear  little  acre  of  it  in  the 
reaalndar  of  our  preaentationa  in  the  thermal  field.  Revartheleas  It  reaaine  an  important  problem 
area  and  one  which  merlta  more  attantlon  than  it  ia  currently  getting  in  the  varloue  aviation 
medicine  raaearch  centrea. 
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Tha  incidence  of  cold  street  in  military  aviation  is  diacuaaad  toga  that  with  method*  for  overcoming 
tba  problem*  it  poaas,  by  cabin  conditioning  or  by  the  una  of  inaulatlng  or  haatad  garments.  Protective 
clothing  ia  alao  required  by  aircrew  to  aid  eurvival  in  emergencies  and  the  principlaa  of  ita  daalgn  are 
cotuide rad.  Lastly,  an  ar.cowt  ia  given  of  tba  lAF'a  panaacan t cold  climate  detachment*  and  of  cold 
weather  operational  and  aurvivul  training. 


Introduction 

The  flexibility  of  aodern  military  air  power  makes  it  common  for  aircrew  to  operate  at  abort  notice 
froai  baeae  with  cold  clinntee  quite  different  frem  thoee  with  which  they  ere  faadliar.  Cold  etrnae  occurs 
on  the  ground  in  thase  aituatlona.  It  nay  alao  occur  in  the  air  even  after  taka  off  from  a Ceaperata  air- 
field aa  the  performance  cbaractariatice  of  nodern  aircraft  subject  then  to  groaa  temperature  changes  in  a 
• ingle  aortic.  Aircrew  cannot  fly  efficiently  and  safely  unless  protected  from  low  tanperaturea . Severely 
cold  conditiona  interfere  with  unakilled  teak*  and  may  even  give  riea  to  illnaaa  but  much  leee  drastic 
alterations  in  the  environment,  perhaps  in  codsinetion  with  other  flight  etraeeee,  can  cause  decrements  In 
skilled  tasks  involving  flue  manipulation,  judgement  and  memory.  Aviation  requires  the  exercise  of  these 
•kills  in  Large  measure. 

In  an  emergency  the  aircrew  member  may  have  to  aurvive  on  land  or  eea  in  a hostile  climate.  There 
will  usually  be  little  time  in  which  to  prepare  and  the  eurvivor  will  be  forced  to  'make  do'  with  a minimum 
of  equipment  and  protective  clothing. 

This  paper  will  consider  soma  of  the  problame  of  low  temperature  stress  in  military  aviation. 
Additionally,  it  will  auasmariae  the  cold  weather  training  with  which  the  RAF  ia  aaaociatad.  This  training 
ia  intended  to  ensure  efficient  operations  in  tha  cold  clisuita  and  to  enhance  the  chancaa  of  survival  of 
an  emergency  in  such  an  environment. 

Cold  Stress  in  Aviation 

One  chaxecterletic  of  aero  engines  ia  that  they  produce  much  hot  air  and  nowadays  soma  of  this  can 
usually  bf  used  for  cabin  conditioning.  In  tha  past  10  yaara  this  has  not  always  been  tha  case.  For 
exatpla-,  in  World  War  II  the  tail  gunners  in  laTge  boabera  became  especially  cold.  In  some  cases  ic  was 
possible  to  keep  them  warm  with  electrically  heated  clothing  but  in  Flying  Fortress  bombers  the  USAF  hsd 
more  casualties  from  frostbite  than  from  anamy  action.  Sven  now  there  is  a cold  problem  in  many  aircraft 
in  cartels  conditions  and  in  a few  routinely. 

Ground  stand-by  for  long  periods  in  low  ambient  temperatures  with  the  cockpit  opan  can  causa  chilling 
of  tha  craw, tha  more  so  because  they  cannot  move  around  to  keep  warn.  Light  aircraft  with  small  power 
plants,  for  example  Sioux  and  Wasp  helicopters,  where  air  is  often  just  drawn  over  tba  oil  cooler,  have 
poor  cabin  hasting  performance.  In  tha  Chipmunk  thera  is  no  cabin  heating  at  all.  Search  and  las  cue  heli- 
copters fly  with  their  doors  off  a*  do  sosse  helicopters  in  an  anti-submarine  rola.  Other  helicopters  must 
he  flown  doora-off  for  visibility  whan  deck  landing  or  to  ansura  escape  in  tha  event  of  ditching.  Another 
aircraft  with  a bad  cabin  conditioning  system  ia  the  Canberra  especially  whan  used  for  high-altitude  alow- 
spead  photo-reconnaissance  or  targat-towiag  duties.  Cold  stress  also  exists  in  certain  test  flights  with 
the  hatch  off  or  canopy  opan  and  in  this  situation  will  be  altitude  dependent.  In  an  emergency  whan  tha 
fusalaga  it  breached  at  altitude,  cold  ia  likaly  to  bacons  e problem,  although  with  tha  modem  emphasis  on 
low  laval  flight  this  ia  not  likaly  to  be  so  serious. 

Overcoming  Cold  Stress 

Broadly,  any  environmental  street  can  ba  attanuatad  in  ita  generation,  its  transmission  or  its  affect 
ou  tha.  sun.  There  ie.  little  that  can  ba  dona  to  avoid  climatic  extremes  in  aviation  and  protection  from 
cold  commences  with  interruption  of  transmission.  Tba  cockpit  may  be  shielded  from  low  ambient  tempere- 
tures  whilst  the  aircraft  Is  on  the  ground  by  the  us*  of  beatad  hangars,  Fusalaga  insulation  and  paint- 
work which  absorb*  solar  radiation  may  help.  Cara  must  ba  takau  to  avoid  exposure  of  tha  alvcraw  thair- 
salvet  to  cold  strata  before  they  enter  the  cockpit. 

Bespit*  auch  measures  it  ie  often  necessary  to  protact ’ aircrew  ftps  low  tampeiaturat  during  flight. 
Than  era  two  possible  approaches  to  tha  problem;  to  hast  the  aircraft  cabin  and  to  provide  insulating 
clothing  or  personal  hasting.  For  many  reasons  tha  latter  measures  are  coaHonly  taken  even  when  some  cabin 
heating  la  available.  Cabin  conditioning  plant  is  haavy  and  the  penalty  in  performance  or  payload  associ- 
ated with  an  efficient  system  often  forcai  a compromise  whan  a new  aircraft  ia  being  built. 
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la  a cold  aircraft  tha  body  trial  to  Maintain  lea  deep  taupe r a t ura  agalnat  a (radiant  due  to  tha 
reduced  air  taupe  ra  Cura . Vaeacons  trie  t Ion  aooo  become*  maximal . Indue  inf  tba  surface  area  of  tha  body  by 

buddlini  up  la  not  poaaibia  in  an  aircraft  and  a para  no  (trapped  Into  a aaat  cannot  produce  Bora  natabolic 

baat  ancapt  by  ahi  waring,  which  intarferaa  with  fine  co-ordination . Lada  of  boat  froa  tha  body  atorna 
acta  aa  a buffer  to  aoaaa  antant  but  too  great  a loaa  ia  difficult  to  regain.  Inc  roe » a in  clothing  insula- 
tion it  the  baat  available  protection  but  thla  ia  United  by  tha  thlekneea  and  ioaulatioo  of  natariala. 

It  ie  not  poaaibia  to  wear  acre  than  about  |"  of  clothing,  that  ia  about  3 Clo,  or  tba  uat  of  controls, 
and  flotation  and  ejection  characteristic!  are  intarfarad  with. 

It  ia  a baiic  principle  that  tha  aau  and  hia  ory gen  equipnent  ahould  be  protected  againit  cold  by 
■ uch  measures  aa  shielding  and  inaulation  if  poaaibia.  Sons  time  it  nay  not  be  practical  to  protect  by 

insulation  alone  and  it  nay  bu  caceaaary  to  aupply  hast  aa  hot  air,  hot  water  or  electrical  power.  Tha 

limit  to  tha  taaparatura  of  surfaces  in  contact  with  tha  akin  ia  45°C.  Above  thie  tinua  daaage  can  occur. 
Since  the  taaparatura  gradient  ie  ao  eMail  tba  flew  rates  of  fluid  warning  madia  Must  be  high.  Tha  hsnda 
are  particularly  vulnerable  to  cooling.  It  ia  vary  difficult  to  inpply  enough  warmth  and  atill  allow 
Manual  dexterity  except  by  electrical  heating  and  in  certain  military  aircraft  alactrioally  heated  gloves 
are  used.  Socks  or  insoles  for  flying  boots  can  also  ba  heated.  Electricity  ia  a convenient  fora  of 
heating  sines  distribution  and  control  are  relatively  easy  and  Che  eource  of  supply  ie  readily  available 
in  uoet  aircraft. 

Oxygen  equipment  Muat  alio  be  protected  fron  cold  and  freezing  of  noiat  expirate  ie  particularly 
troubles  one.  Meek  valvaa  must  ba  Made  of  neoprene  rubber  to  stay  pliable  at  low  taaperatursa . Ice 
build-up  on  tha  inspiratory  valve  is  prevented  by  a nylon  lea  guard  end  shrouding  prevents  it  on  the 
expiratory  valve.  Occasionally  electrical  hasting  of  velvet  and  visors  ia  needed  for  equipnent  to  neat 
its  low  temperature  specification. 

Clothing  worn  every  day  in  the  cockpit  must  protect  on  the  ground  in  an  eewrgency  and  thie  duel 
requireaant  poses  difficult  problans . A good  maxim  that  ia  raraly  followed  ia  to  drees  for  the  environ- 
aent  and  sat  cockpit  teaperatures  accordingly.  Even  in  routine  use  clothing  insulation  auet  be  flexible 
aa  heat  production  can  very  ao  greatly.  Either  layari  of  clothing  siuit  ba  taken  off  as  required  or  than 
auat  be  fasteners  which  can  ba  opened  to  increase  heat  lose.  Tha  layer  system  ia  Hade  tier  of  whan 
possible;  a nuaber  of  thin  layers  of  clothing  are  worn  rather  than  a concentration  of  insulation  in  a few 
thick  layers.  This  ensures  versatility  but  for  the  systen  to  vovk  the  succeeding  layers  oust  be  appro- 
priately designed  end  aimed.  Unfortvuetely  in  high  performance  aircraft  partial  pressure,  anti-g  and  air 
ventilated  suits  auat  often  be  worn  to  that  extra  theraal  protection,  when  required,  is  added  aa  e one- 
piece  coverall  to  avoid  further  complication,  Ai  well  as  providing  insulation,  clothing  auat  be  permeable 
to  water  vapour,  300  al  par  day  of  insensible  perspiration  are  produced  end  evaporated  at  rest  and  during 
tweeting  much  larger  quantities  are  secreted.  1 Unless  tha  clothing  is  permeable  all  tha  sweat  will  collect 
inside . 


For  evan  the  shortest  exposure  to  severe  climates  protective  clothing  ia  necessary.  Tha  preclaa 

nature  of  thie  will  depend  upon  the  environment  against  which  the  nan  auat  be  protected;  whether  cold/dry 

or  cold/wet  and  whether  windy  or  not.  The  ultimate  of  the  cold/wat  survival  situation  is  immersion  in  the 
sea.  Tha  open  sea  around  Britain  is  cold  even  in  suaswr  and  the  uninsulated  nan  will  quickly  sixteuab  to 
hypotharaia.  A completely  waterproof  outer  layer  is  wssential  in  this  situation  but  as  stated  above  such 
e garment  would  cause  sweat  accumulation  in  routine  vur,  This  clash  of  requirements  is  overcons  by  the 
use  of  wmntila  fabrics . 

Because  of  its  vascularity  heat  loss  fron  tha  bead  can  ba  considerable.  In  flying,  because  helmets 
ere  worn  for  other  raaaona,  tha  head  ia  adequately  protected  and  suitable  emergency  head  gear  is  carried 
in  the  personal  survival  pack. 

The  Occurrence  of  Cold  Stress  at  BAP  Permanent  Bases 

The  IAF  has  few  bases  where  severe  cold  and  large  amounts  of  snowfall  can  occur.  There  are  two  per- 
manent detachments;  on m at  Goose  Bay,  Labrador  and  one  at  Offut  Air  Force  Base,  Nebraska.  In  addition, 

as  described  below,  taaporary  detachments  are  carried  out  to  t'orth  Norway. 

At  Ceoaa  Bay,  fron  November  to  Kay,  an  average  of  4-5  feet  of  snow  cover  occurs.  Vulcan  bomber 
training  takes  place  from  hare ; very  low  level  flights  over  undulating  terrain  which  are  not  poeaible  over 
UK  training  areas.  Bo  aircraft  are  kept  here  permanently,  they  ere  sent  over  fron  UK  for  short  periods, 
but  there  is  a small  detachment  of  ground  personnel.  At  Offut,  Vulcan  aircraft  undergo  integration  train- 
ing with  the  American  Strategic  Air  Comaand. 

The  severely  cold  conditions  dictate  cartain  changes  in  handling  aircraft  on  the  ground.  If  for  any 
reason  tha  aircraft  have  to  stand  out  on  the  hard  pen  overnight,  before  flight  they  amat  ba  dug  out  of  the 
snoar  and  towed  into  a hasted  hangar.  Pre-flight  checks  era  carried  out  bare.  They  ere  than  towed  out 
juat  before  taka  off  and  tha  engines  started  up  at  ones.  The  ground  crew'*  living  sccosaeodatioo  is  sosm- 
what  overheated  and  tha  rapid  transition  from  this  to  conditions  of  -20°C  with  blowing  snow  can  ba  vary 
stressful.  A heated  bus  stands  by  while  the  ground  craw  are  operating  to  provide  immediate  rawarming 
facilities.  Clothing  indoctrination  is  essential  and  is  handed  on  from  one  detachment  to  tha  next.  There 
ie  a good  overlap  period  for  thla  purpose.  Aircrew  on  detachment  carry  out  a one-day  survival  exercise; 
lssraiag  to  cope  with  enow  shoes,  survival  camping,  fires  and  rations.  However  ebay  do  not  slatp  out  of 
doors , 

Winter  Training  in  Norway 

Allied  Command  Europe  maintains  a Mobile  Foret,  tha  AMF  (Land),  using  troops  from  the  UK,  Italy  and 
Canada.  An  AMF  (Air)  i*  also  provided  for  close  support,  ground  attack,  reconnaieaence,  trooping  logistic 
Support  end  airfield  protection.  Aircraft  from  UK,  USA,  Belgiiat  and  Holland  are  involved.  The  NAF  sup- 
plias  fighters  for  close  eupport  and  also  helicopters  for  tha  other  roles.  From  January  to  Kerch  the 
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MV  (L)  deploys  in  Norway  lor  training  the  r round  fores*  in  winter  conditions , A XT  (A)  accompanies  than. 

Dm  helicopters  era  transported  by.  sir  to  tola,  sear  Stavanger.  They  are  rebuilt  bars  and  than  flown  to 
Samoan,  near  terpen.  MV  (A)  personnel  newel  by  air  via  Be r pen . Tbs  helicopter  aircrew  carry  out  as 
In  tootles  flying  progrsaas  including  soft  anow  landing! , flying  in  "uhita-eut"  conditions,  training  in 
depth  perception  In  enow  cowered  terrain,  flying  in  tecircularlog  snow,  packing,  transporting  and  deliver- 
ing loads,  eight  flying,  navigation  aserclaes,  troop  drills  and  casualty  evacuation  of  ground  troops. 

Where  possible  the  aircrew*  carry  out  Winter  survival  School  Training  first. 

The  aircrew  and  ground  crew  live  In  tented  acciModaticn.  They  wear  the  SAP's  Arctic  Scale  of 
clothing,  designed  oa  the  layer  principle.  The  tent*  used  ere  12  x 12a  which  con  b»  arranged  In  tan  da  a 
whan  nacasaary.  Ground  craw  training  1*  also  an  important  part  of  the  exarciJa.  Herman-*)#} »on  heaters 
are  need  to  blow  hot  air  directly  over  the  part  of  the  aircraft  worked  on  la  the  ope  a;  in  addition  a tem- 
porary shelter  can  be  erected  around  the  repair. 

Pined  wing  aircraft  training  la  carried  out  at  the  earns  time  to  fnmlllarise  aircrew  with  Winter 
flying.  Operating  from  snow-covered  strips,  aircraft  concealment  in  enow  end  operating  from  detached 
alt**  ere  all  prectieed. 

The  ground  force*  Involved  are  essentially  snowaho*  troop*  but  about  a third  of  thee  train  exten- 
sively  on  ski*.  They  stay  «t  Nurfalt  Youth  Hot  tel.  They  operate  in  5-10  men  sections  end  are  given  speed, 
fir*  airport  and  flexibility  by  the  use  of  Volvo  over-snow  vehicles.  Logistic  support  is  carried  out  by 
various  other  army  units  and  army  helicopters  ate  also  operated  from  the  bomoen  District  air  strip. 

Certain  subsidiary  enercieas  are  carried  out  whilst  tha  above  training  ie  in  progress.  Por  example, 
the  Defence  SIC  School  often  mounts  an  sxarciaa  to  test  chemical  procedures  in  the  cold,  usually  during 
Pebraary. 

Each  Winter  a Navel  exercise  is  carried  out  in  Norway  under  tha  aegie  of  SACLAHT  end  includes  training 
of  Karina  Commandos  *t  Narvik,  helicopter  squadrons  at  lardufose  and  small  boat  squadrons  at  Tromeo.  The 
land  forest  are  essentially  ski-troops,  operating  in  scull  groups,  who  would  expact  to  be  landed  by  helicopter 
from  a commando  carrier.  Normally  a forward  operating  base  would  be  established  so  that  tha  Naval  heli- 
copters would  be  indapandant  of  thair  ships.  Por  tha  purpoaes  of  the  exercise,  because  of  the  inconvenience 
of  having  a ship  stand-by  off  tha  coast  of  Norway  for  two  or  three  months  at  a time,  the  aircraft  era  now 
landed  by  ship  at  Sorrelsa  and  fly  to  Bardufoes.  The  squadron  personnel  live  in  huts  but  carry  out  sur- 
vival training  in  tented  accoamodetion.  The  purpose  of  the  exerclne  ie  to  train  aircrew  and  ground  crew 
to  oparata  a forward  Ease  in  Arctic  conditions,  to  carry  out  a flying  training  programs*  similar  to  that 
of  the  NAP  helicopter  squadrons  and  to  perform  survival  training. 

The  Winter  Survival  School 

A W8ff  is  set  each  year  by  SAP  Germany  in  Bavaria.  Thar*  are  five  fortnightly  courses  for  alrcrev 
Which  taka  place  in  the  first  three  months  of  the  year.  The  school  accepts  approximately  50X  of  itl 
Student*  from  UK  end  50 X from  Germany . Mast  students  ere  from  the  NAP  but  other  erne  ere  catered  for  as 
wall.  Tha  School  of  CoMat  Survival  end  Rescue,  RAP  Mount  Batten,  supplies  instructors.  The  student* 
undergo  ski-training  in  tha  first  few  days  to  toughen  them  end  then  spend  A days  living  out  in  the  woods 
with  anew  underfoot,  in  survival  shelters.  Next,  there  is  an  escape  and  evasion  exercise.  They  travel 
across  country  for  s distance  depending  on  the  prevailing  conditions,  hunted  by  German  paratroopers  and 
then  undergo  tactical  questionning  when  caught.  Each  course  carries  * volunteer  medical  officer.  The 
last  few  day*  of  the  courts  are  again  spent  ski-ing. 
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This  paper  is  intended  to  give  a general  review  of  current  thermal  problems  in  high  performance  air- 
craft, their  origins  and  current  design  trends  in  their  solution.  It  will  deal  in  principles  rather 
than  detailed  design  since  the  latter  is  usually  specific  to  type. 


THE  ORIGINS  OF  THERMAL  STRESS 

It  might  be  thought  that  modern  engineering  skills  should  be  capable  of  providing  a thermally  com- 
fortable cockpit.  However,  the  rate  of  improvement  of  aircraft  performance,  both  in  low  level  speed  and 
manoeuvrability,  and  the  enthusiasm  of  avionic  engineers  to  lnstal  more  and  more  black  boxes  within  or 
near  to  the  cockpit,  increasing  both  the  heat  input  to  the  cockpit  and  demands  for  cooling  air,  has 
resulted  in  the  design  of  cabin  conditioning  systems  scarcely  keeping  up  with  the  demands  placed  upon 
them.  Indeed  it  is  true  to  say  that  there  is  not  a single  military  high  performance  aircraft  flying 
today  that  is  wholly  thermally  comfortable  in  all  flight  conditions.  Complaints  are  frequent,  even 
from  the  European  theatre  and  diminished  only  by  the  fact  that  aircrew  have  come  to  accept  that  they 
have  to  sweat  it  out  as  their  predecessors  did. 

Looking  at  the  problem  in  more  detail  and  taking  the  input  side  first  the  main  sources  of  heat  are 
aerodynamic  heating,  solar  radiation,  electrical  heat  load  from  avionic  fits  and  the  aircrew's  own 
metabolic  heat  production. 

Aerodynamic  heating 

The  end  result  of  aerodynamic  heating  is  a raised  aircraft  skin  temperature,  the  equilibrium  level 
being  a function  of  the  ambient  environmental  temperature  and  the  speed  of  the  aircraft.  During  high 
speed  low  level  flight  aircraft  temperatures  may  be  as  high  as  110°C.  This  results  in  a high  heat  in- 
put into  the  cooler  cabin  air  by  convection  and  directly  to  the  pilot's  clothing,  helmet  and  skin 
surfaces  by  radiation. 

Solar  radiation 

Inspite  of  the  increasing  use  of  avionic  aids,  all  round  visibility  from  the  cockpit  remains  a pre- 
requisite for  flying.  Thus  modern  aircraft  Tetain  large  cockpit  transparencies  which  do  little  to 
filter  the  high  radiant  loads  on  the  cockpit  structure  and  pilot  from  the  sun. 

Electrical  heat  loads 

The  increasing  use  of  sophisticated  avionic  aids  influences  cabin  temperatures  in  two  ways. 

Firstly,  most  of  these  equipments  are  highly  temperature  sensitive  and  place  high  demands  for  cooling 
air  from  the  main  conditioning  plant.  Secondly,  they  generate  hot  surfaces  within  the  cockpit  area 
which  exchange  heat  vith  the  cabin  air  and  further  increase  the  radiant  load  on  the  pilot. 

Aircrew  heat  production 

A pilot  at  rest  generates  approximately  80  watts  of  heat  from  his  internal  metabolic  processes. 

This  can  be  raised  by  a factor  of  2 or  3 during  high  performance  flying  and  the  greatly  improved 
manoeuvrability  of  modern  aircraft  at  speed  increases  the  physical  work  on  the  pilot. 

A modern  example 

To  place  these  various  heat  sources  into  perspective  Table  1 gives  figures  derived  from  theoretical 
calculations  for  the  Multi-Role  Combat  Aircraft: 


MRCA  flying  at  Mach  0.9 

At 

Sea  Level  in  ISA  +35 

Aerodynamic  heat  load 

9.0 

Kw 

> 

Solar  radiation  load 
Electrical  heat  load 

2.5 

Kw 

? Total  direct  heat 

(cockpit  initrumenta) 
Pilot  metabolic  heat  pro- 

1.2 

Kw 

. input  to  cockpit 
J - 12,9  Kw 

duct ion 

0.2 

Kw 

) 

Electrical  heat  load  (equip- 

) 

merit  bayi) 

9.5 

Kw 

) 

Table  1.  Cabin  Heat  Loads  for  MKCA 
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Froa  Chi*  ihorc  consideration  ic  may  be  teen  that  thansal  problem  *r*  not  confined  to  aircraft 
operation*  in  tropical  climates  ainc*  uny  of  th*  aoit  potent  haat  *o  irce*  are  present  in  temperate 
climate  flying  though  tome  of  thee  are  obviously  last  aavara. 

CUUUPH  DESIGH  TS£K)S  114  CABIN  CONDITIONING 

At  the  start  of  this  section  the  author  make*  no  apology  for  excursions  into  the  systems  engineer's 
province  since  so  aaich  of  the  end  reault  represent*  a compromise  between  vhat  it  physiologically  desir- 
able and  what  is  practical  froa  the  engineering  end  operational  point  of  view.  In  arriving  at  thl* 
coaproait*  it  is  desirable  that  th*  biologlet  and  the  engineer  should  each  have  a proper  appreciation  of 
the  other'*  problua*. 

Thermal  coafort 

To  deal  first  with  the  physiologically  daairable  end-point,  this  is  therxml  coafort.  For  practical 
purposes,  that  it  to  enable  the  engineer  to  sake  calculations,  a definition  of  thermal  coafort  is 
required,  A suitably  simple  definition  la  to  state  that  a thermally  comfortable  man  has  a aaan  skin 
temperature  of  3J°C  with  e range  of  skin  temperature  of  not  greeter  than  6°C  froa  the  trunk  to  th* 
peripheral  part*  of  the  limbs.  This  definition  can  be  greatly  complicated  and  qualified  by  the  ecadealc 
physiologist  but  it  has  the  practical  merit  of  simplicity. 

Design  calculation* 

With  this  end  point  in  mind  th*  system*  engineer  can  calculate  the  requirements  for  cebln  con- 
ditioning sir  in  terme  of  mess  flow  and  inlat  temperature  end  techniques  for  doing  so  have  been  described 
by  Hughes  (1968).  In  doing  so  he  will  take  into  account  all  tha  sources  of  heat  input  in  representative 
flight  conditions  including  th*  pilot's  own  hart  production. 

Aircrew  clothing 

In  aaking  these  celculations  one  very  important  factor  influencing  haat  exchange  between  a pilot  and 
his  environment  is  the  Insulation  of  his  flying  clothing  aeaenbly.  The  requirement  to  provide  pro- 
tection against  the  whole  range  of  aviation  haserde  with  anti-ti  suits,  pressure  clothing,  chemical  pro- 
tective clothing,  life  preservers  end  to  on,  place*  a considerable  layer  of  insulation  between  the 
pilot’ e skin  surface  and  the  cabin  air.  To  achieve  adequate  heat  exchange  across  this  insulation  piece! 
greeter  demands  on  the  cooling  system  then  would  be  the  cate  if  "ehlrt  sleeve"  flying  were  poeeible. 

The  fact  that  aevaral  of  tha  garments  worn  Include  water  impermeable  layers  considerably  e^>arraiaet  th* 
effectiveness  of  the  pilot's  thermoregulatory  sweating  mechanism  by  restricting  sweat  evaporation  should 
thermal  comfort  not  be  maintained  throughout  flight.  The  increased  demand  on  cabin  cooling  system* 
arising  from  the  effect  of  complex  aircrew  clothing  is  among  the  more  Important  reasons  for  a serious 
consideration  of  personal  conditioning  systems  v*~ich  can  achieve  the  desired  physiological  end  point 
more  economically. 

Typical  cabin  conditioning  performance 

To  illuatrate  the  type  of  information  that  should  emerge  from  preliminary  design  calculations  of  the 
type  described  Table  2 give*  the  data  derived  for  the  Multi-Kola  Combat  Aircraft . 


Ambient  temperature 


Humidity 


Kern  Temperature 


Cabin  Heat  Load 


Cabin  Air  Flow 


Required  cabin  temperature 
for  comfort 


Cabin  inlet  te^ierature 


- 

Tax? 

L_  / 

a 

.9 

Fact 

m 

m p 

■a 

AO 

AO 

*Ag 

22 

22 

22 

°c 

AO 

A6 

91 

kW 

IB 

10.5 

36000  50000 


Cabin  outlet  temperature 

°C 

27 

27 

23 

Cabin  temperature 

°c 

36 

12  ! 

22  J 

30 

12 

Selector  tatting 

FULL  COLD 

1 

Fill 

HOT 

FULL 

COLD 

Table  2.  Cabin  Conditioning  Predicted  Performance  Calculations 


System  design  ruUi 


Saving  tvtliswi  the  various  fac tors  determining  tha  required  p Tf  prmaii  • ■ at  the  cabin  conditioning 
lyitw,  insofar  at  the  pilot  la  cone*  -aed,  « number  of  ganaral  design  rale*  car  be  a to  tod.  Bafora 
doing  as  a 'rial  description  of  a typical  aircraft  cabin  conditioning  ays  tan  trill  aid  th«  raadar  to 
follow  subsequent  discussion. 

fig-  1 is  a diagraa  of  tuch  a typical  cystec.  High  temperature,  high  pressure  air  ia  tapped  fro* 
tbs  angina  ronpresnors  and  after  preliminary  ran  air  cooling  by  a urinary  haat  axebauger  the  air  ii 
sapsadad  through  a turbine  with  a narked  drop  in  prnaaura  and  taag>arntura.  The  physical  work  dona  by 
this  ttu-bina  ia  seed  to  drive  a conpreasor  in  tha  upatrsan  side  trbith  raise*  the  praaaura  and  temperature 
at  tbia  point  and  enables  further  cooling  to  be  achieved  in  a secondary  haat  exchanger  (Inter  cooler) . 
This  type  of  Cold  Air  Onit,  which  feme  tha  heart  of  the  syatsm,  ia  known  as  a lootatrop  Cold  Air  Unit. 
Water  droplata  which  condense  out  during  thie  cooling  era  renewed  by  n water  separating  device  and  tha 
air  ia  than  ducted  to  the  cockpit  and  aquipaaent  baya.  fig.  1 to  illustrate*  tha  tawaral  subsidiary 
function*  of  tha  cabin  conditioning  system  including  rain  dispersal,  wing  sealing,  deflating  and  CAU 
bearing  cooling. 
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F!0.  1.  TYPICAL  AIRCRAFT  CABIN  CONDITIONING  SYSTEM 


Distribution  d uctwork  and  outlets 

In  da tarmining  tha  as* a flow  and  temperature  requirements  tor  cabin  cooling  air  tha  design  of  the 
distribution  ayltam  downstream  of  tha  cold  air  unit  is  vital,  A poor  distribution  system  will  maka 
inefficient  us a of  avallabla  cold  air.  In  tha  past  It  has  generally  mot  bean  possible  to  produce  a 
mean  environmental  temperature  inucdlataly  surrounding  the  pilot  that  is  cooler  than  shout  tha  cabin 
outlet  temperature.  Thus  if  inlet  temperature  is  say  10°C  sad  cutlet  taa^eretura  JO°C,  tha  maan 
temperature  surrounding  the  pilot  will  bt  in  tha  region  of  30°C,  Meticulous  design  can  r*duia  this 
temperature  to  a point  act*  like  thro*  fourths  of  tha  gradient  from  inlet  to  outlet  temperature,  ia 
naarar  25"C  in  the  quoted  axaapla. 

Tha  distribution  system  should  be  designed,  to  produce  tha  coolest  conditions  Immediately  surrounding 
tha  pilot.  Thin  la  achieved  by  careful  positioning  of  tha  cabin  air  outlets  in  relation  to  the  pilot 

and  by  tha  us*  of  aossla  outlets  specially  daaipnad  to  reduce  air  — (Hughes  - parsooal  r on—  I 

cation).  Tha  latter  la  a fritura  of  poor  aoisle  design  in  which  warm  cabin  air  ia  drawn  into  tha  outlet 
cold  air  jet  Immediately  downstream  of  tha  onssle  and  substantially  downgrades  tha  quality  of  cool lag  air 
reaching  the  pilot.  Tha  system  should  also  allow  personal  edjmatmaat  by  tha  pilot,  particularly  with 
regard  to  face  ventilation. 
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iBSUlttloC 

The  contribution  at  ll^i  ilnrile  Ain  Ha*  already  bees  mentioned.  Clearly  Ala  cab 

bo  reduced  by  cartful  attention  to  inaulation  oi  tba  cockpit  valla  from  eh*  cabin  air  with  reduction  la 
both  tba  convective  and  radiative  input*  to  tba  cockpit , 

It  ia  alao  inpor tent  to  Inauiat*  tha  dlatributiva  ductwork  batvaaa  tha  cold  air  unit  and  tba  outlata 
to  reduce  tha  boat  input  to  tbo  cabin  cold  air  supply  bafora  It  rate He*  tha  pilot, 

Noil . gatv  ration 

Whilst  not  strictly  relevant  to  tbo  subject  matter  of  this  paper  Jkt  should  ba  osnt  lotted  that  cabin 
conditioning  ay  at  a**  ara  important  contributor*  to  tba  cockpit  not**  problems,  Again  careful  datign  can 
ainiaiaa  noise  generation  in  ductwork  and  outlata, 

Water  separation 

Aa  a result  of  tba  aubataotlal  temperature  drop  acroaa  tba  cold  air  unit,  conaidarabla  quant l ti# a of 
watar  ar*  condanaad  out  of  tba  cabin  air  aupply  either  aa  watar  dropleti  or  lc*.  Without  an  adequate 
ayatua  for  removal,  the**  droplet*  or  partlclaa  of  ic*  can  b*  carried  through  the  diatrlbutive  ductwork 
and  bo  blown  onto  the  pilot.  Thia  la  a common  occurrence  on  aevaral  existing  aircraft.  Even  if  thia 
doe*  not  happen  tha  lack  of  effective  watar  f .paration  will  load  to  raabaorption  in  tha  ductwork  and  a 
ria a in  hwldity  of  tha  cabin  air  aupply, 

Reduction  of  radiant  heat  load* 

Mention  haa  already  bean  wade  of  tha  value  of  cockpit  wall  Intulation  in  reducing  tha  radiant  load 
on  tha  pilot  iron  high  taiaparatura  aircraft  akin*.  Thia  leave*  tha  wora  difficult  problaai  of  reducing 
tha  ',olar  radiation  load  through  tha  canopy.  Tha  difficulty  11a*  in  tha  requirement  to  maintain 
external  viaibllity  particularly  in  twilight  condition*,  hut  eome  auceota  can  be  achieved  by  the  uae  of 
filter*  auch  aa  gold  flla. 

Dear  at Log  systems 

A aacondary  function  of  Boat  cabin  conditiocing  systems  1*  to  provide  a transparency  daalating 
facility.  This  haa  oftu  taku  tha  fora  of  a hot  air  supply  to  outlata  which  direct  it  over  eh*  trans- 
parencies. Such  a ayataai  introduce*  large  quantities  of  hot  air  into  tha  cockpit,  Daa  of  tha  da-r 

elating  ayataa  ia  coaaaon  during  Cha  latar  atagaa  of  dascaat  to  lew  altitude  at  a thee  when  it  would  ba  of 
conaidarabla  advantage  to  prolong  tb*  advantage*  af  cold  soak  at  altitude  for  aa  long  aa  poaalbla.  In 
some  aircraft,  for  example  tha  Ftuntom,  the  ductwork  ta  canon  to  tha  demisting  ayataai  and  tba  cabin 
conditioning.  This  haa  tba  addad  disadvantage  that  u*a  of  tbo  demisting  ayataa  beets  up  ouch  of  ttta 
dlatributiva  ducting  which  than  haa  to  ba  racoolad  on  raver alon  to  no  real  cabin  conditioning,  Thar#  i* 
conaidarabla  advantage  in  using  electrical  method*  In  tba  primary  demisting  system,  with  a hot  air  ayttam 
a*  a back-up.  The  latter  should  have  ductwork  entirely  separata  from  tha  cabin  conditioning  dlstriv 
bution  ayataa. 

Design  limitation* 

Tb*  huge  daunda  for  cooling  air  both  for  auintaining  pilot  comfort  and  for  avionic  cooling  have  now 
reached  the  point  in  modern  military  aircraft  whara  they  represent  the  maxima  that  can  ba  achieved 
within  tba  limit*  el  present  technology.  Already  tha  extant  of  sir  bleed  from  angina  compressors  is 
beginning  to  have  important  affect*  on  angina  thrust  performance.  Tapping  air  from  1st*  coaapraaaor 
stage*  in  mod-  ,,,  jet  angina*  results  in  vary  high  temperature  blood  sir  which  lc  turn  produces  problems 
in  tba  design  of  heat  exchanger* . Thus  tha  position  haa  bean  reached  whara  further  increments  in  cabin 
conditioning  performance  ara  hardly  possible  and  thia  baa  lad  to  an  increasing  interest  in  personal  con- 
ditioning for  the  pilot  and  in  alternative  meant  for  avioulc  cooling. 

CROONS  r AC  units 


Slow* var  effective  cabin  conditioning  ayateam  may  ba  all  ar*  angina  dependant 
ivaly  during  taxylng  and  not  at  all  during  ground  pre-flight  check*  or  stand-by. 
unfortunate  tinea  many  thermal  strata  problem*  era  associated  with  the  pre-flight 
may  have  beau*  hot-aoaked.  Palliation  cam  be  obtained  by  tba  naa  of  flxad  ground 
air  trolley*. 


vnd  work  laaa  affect- 
Tbia  ia  particularly 
period  whan  aircraft 
facilities  and  ground 


Plead  grouad  te-.iUtiaa 


Prom  elme-to-tiaa  tba  uae  ef  such  alda  aa  a un- a hade  a and  thermal  blanket*  uaually  special  to  type, 
haa  baea  damonatratad  to  ba  affective  ia  reducing  tolar  radiant  beating  of  aircraft  oa  tha  grouad. 
Unfortunately  these  davicaa  pretear  logistic  problems,  particularly  at  dispersal  airfields. 


a spin-off  from  tba  iterate  lag  uas  of  hardened  site*  for  aircraft  parking  will  he  the  reduction  of 
solar  loads. 


C round  cooling  trolleys 

When  available  tbo  uae  of  ground  trolleys  to  provide  cold  air  supplies  to  cockpit*  during  the  pre- 
flight  period  Is  a highly  affective  method  for  reducing  pre-flight  thermal  strata.  Again,  tbs**  caa 
present  logistic  problems  and  Increase  the  work  of  ground  crews.  however . where  effective  personal 
conditioning  ia  not  rati lab la  pre-flight,  their  uae  la  strongly  advocated. 


as 


fra*  this  short  mini  It  asf  be  aaea  that  tha  causes  o f thermal  problesu  In  modern  military  air- 
craft arr  nil  under stood  ami  tha  solutions,  though  they  scratch  tha  conditioning  engineer ' i technology 
to  tha  liait,  ara  known . Nevertheless  tha  position  has  basn  rascha A vhen  considerable  4a • ign  and 
ops rational  advantages  night  accrue  from  Che  as a of  effective  personal  conditioning  systems  ratbsr  than 
by  trying  to  eciilav*  confort  sol  sly  through  tha  cooling  of  cabin  air  supplies. 

Tha  fact  that  so  nany  currant  aircraft  ara  not  tharually  confortabla  reflects  tha  acceptance  by 
aircrew  that  high  parformanca  aircraft  have  always  bean  uncomfortably  kit  with  tha  rasult  that  this  part 
of  tha  weapon  ayataa  has  oftan  received  inadequate  attention, 

Several  factors  suggest  that  a mors  positive  attitude  nay  have  to  ha  taken  in  the  future.  Firstly, 
tha  provision  of  chanlcal  protective  clothing  will  add  a further  increment  to  existing  thermal  strain 
and  secondly,  tha  overall  increase  in  tha  complexity  of  the  pilot's  task  nukes  the  acceptance  of  even 
minor  dlecoaiforts  mure  difficult.  Parhape  the  tine  hae  come  to  abandon  the  position  in  which  tha 
question  usually  asked  is  "can  pilots  tolerate  these  conditions?"  and  ask  in  its  place  "how  much  morn 
affectively  will  pilots  perform  if  conditions  are  vholly  comfortable?" 
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SUMMARY 

The  inadequacy  of  cabin  conditioning  systems  in  high  performance  aircraft  has  resulted  in  aircrew 
being  exposed  to  severe  heat  stress  situations  within  the  cockpit  environment  during  certain  flight  pro- 
files. To  alleviate  the  physiological  strain  imposed  upon  the  man,  methods  of  thermally  conditioning  the 
micro-environment  within  flying  clothing  assemblies  have  been  investigated  and  applied  to  operational 
situations.  The  cooling  agents  used  in  the  "personal  thermal  conditioning"  role  have  been  air  or  water. 

The  former  has  been  utilised  either  as  an  evaporative  agent  or  convective  cooling  agent.  In  this  paper 
the  relative  merits  of  the  different  personal  conditioning  systems  have  been  discussed  and  a case  made 
for  the  development  of  a practical  liquid-cooled  suit  system  for  use  in  present  and  future  high-performance 
aircraft. 


INTRODUCTION 

It  has  been  established  that  man’s  fatigue  is  increased  and  his  efficiency  of  task  performance  reduced 
when  he  is  exposed  to  thermal  stress.  The  efforts  to  offset  the  ever  increasing  thermal  input  to  the  cabin 
environment  of  recent  generations  of  high  performance  aircraft,  by  improving  cabin  thermal  conditioning 
systems,  have  not  been  wholly  successful.  In  the  immediate  future  further  improvements  in  man’s  thermal 
environment  in  high  performance  aircraft  cockpits  depend  upon  the  ability  to  condition  the  micro-environment 
within  the  flying  clothing  assembly. 

THE  REQUIREMENT  FOR  PERSONAL  CONDITIONING 

During  the  last  two  decades  rapid  advancement  in  the  development  of  aircraft  engines  and  structures 
has  permitted  equally  rapid  changes  in  the  flight  envelopes  of  high  performance  aircraft.  This  has 
increased  the  thermal  stress  within  the  cockpit  environment  in  the  following  ways: 

1.  Increasing  the  speed  of  flight  at  low  level  raises  the  thermodynamic  heating  of  the  aircraft's 
structure  to  levels  where  aircraft  skin  temperatures  substantially  exceeding  100°C  are  frequently 
encountered . 

2.  Inclusion  of  more  sophisticated  avionic  back-up  equipment  within  the  cabin  results  in  an 
increased  number  of  radiant  heat  sources  both  in  close  proximity  to  the  pilot,  and  in  sites  where 
they  produce  an  additional  thermal  input  to  the  cockpit  environment  and  increase  the  demand  for 
cooling  air  from  the  environmental  control  system. 

3.  The  increased  manoeuvrability  of  modern  aircraft  during  high  speed  low  level  flight  increases 
the  workload  of  the  pilot  and  therefore  his  metabolic  heat  production. 

4.  The  flying  clothing  assemblies  worn  by  aircrew  operating  high  performance  aircraft  have  high 
insulation  values.  Some  flying  garments  are  of  course  impermeable  to  water  and 'will  thus  inhibit 
man’s  most  useful  thermal  regulatory  mechanism  for  increasing  his  heat  loss  to  the  environment, 
namely  sweat  evaporation.  Recent  proposals  for  protecting  aircrew  from  chemical  agents  using 
specific  items  of  clothing,  involve  additional  insulation  and  a fully  enclosed  headgear  system. 

It  can  be  predicted  that  this  will  further  increase  the  heat  strain  upon  the  man. 

It  is  desirable  that  aircrew  be  maintained  in  thermal  comfort  throughout  the  entire  sortie.  This 
period  extends  from  the  time  the  man  leaves  the  crewroom,  through  the  walkout,  taxy  and  flight  stage,  to 
the  time  he  re-enters  the  crewroom.  Engine  powered  cabin  conditioning  systems  provide  no  cooling  before 
take-off.  This  problem  can  be  alleviated  by  providing  ground  cooling  trolleys  to" condi tion  cockpits  whilst  — 
the  aircraft  is  still  on  the  pan  without  engines  running.  Although  this  is  a relatively  simple  facility 
to  provide  on  permanent  flying  stations,  it  becomes  an  increasingly  difficult  logistic  problem  when  air- 
craft are  obliged  to  operate  from  dispersal  sites,  where  back-up  facilities  may  be  of  a very  limited 
nature.  Even  when  the  engines  are  running  and  the  aircraft  is  taxying,  the  cabin  conditioning  system  is 
inadequate  to  cope  with  any  large  thermal  load,  because  the  output  from  the  cabin  conditioning  system  is 
proportional  to  the  engine  power.  The  latter  is  of  course  operating  at  a low  output  during  the  taxy  phase. 

Tins  is  also  true  during  certain  other  phases  of  most  flight  profiles,  such  as  idling  descents,  when  a 
marked  increase  in  cockpit  temperatures  can  he  noted. 

Even  if  these  problems  were  soluble,  it  is  doubtful  if  cabin  conditioning  systems  alone  could  provide 
a cockpit  environment  where  man  could  be  maintained  in  thermal  comfort.  This  stems  from  the  large  insula- 
ting values  of  the  flying  clothing  assemblies.  Because  of  these  large  insulating  values,  the  man  requires 
a greater  temperature  gradient  between  his  skin  and  the  cockpit  environment  to  lose  sufficient  heat  to 
maintain  thermal  equilibrium.  To  achieve  this  the  cabin  air  temperature  is  required  to  be  considerably 
cooler  than  would  be  necessary  In  maintain  a lightly  clothed  man  in  thermal  comfort.  However,  in  achieving 
this  situation  an  increased  gradient  between  the  cabin  air  and  the  aircraft’s  skin  temperature  results. 
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producing  * greater  heat  input  from  tba  aircraft  structure  to  tin  cabin  environment.  Therefore,  to  produce 
ae  acceptable  thermal  environment  within  th«  eoekplt  require!  a high  level  of  performance  from  tha  condi- 
tioning ayataa  to  provide  tha  naan  of  variable  temperature  air  needed  to  cope  with  tha  dlvuraa  inflight 
condition!  encountered,  Such  systems  inpoaa  conaidarabla  aiaa  and  weight  penaitiee  on  tha  aircraft.  / lao 
tha  air  uaed  for  tha  cabin  conditioning  eye  ten  la  obtained  by  tapping  the  angina  compressors.  Tha  aaa*  of 
air  bled  froa  the  engine  for  thla  purpose  haa  at  the  praaant  tine  reached  a level  where  any  further 
increase  would  result  in  eignif leant  reduction  in  engine  performance. 

It  would  eeea  therefore  that  major  improvements  of  cabin  conditioning  systems  in  both  praaant  and 
future  generation  high  perforoanca  aircraft  are  unlikely.  Since  it  ii  Increasingly  difficult  to  condition 
tha  cockpit  environment  eetiefactorily , attention  hae  been  orientated  to  conditioning  the  micro-environment 
within  hie  flying  clothing  asssefcly. 

UKSIGH  REQUItUUKHTS  Of  PERSONAL  CONDITIONING  SYSTEMS 

The  ideal  baing  aimed  at  whan  considering  thermally  conditioning  aircrew  is  the  achievement  of  tha  me  1 
comfort  in  ail  phaaaa  of  the  sortie.  Thia  includes  pre-flight,  in-flight  and  poet-flight  sit  at  ions.  The 
definition  of  thermal  comfort  uaed  in  this  context  las 

1.  A mean  akin  tamps ratura  of  33°C. 

!.  An  evaporative  haat  loia  equivalent  to  20X  of  the  metabolic  rate. 

3.  A relatively  higher  akin  temperature  in  tha  central  body  region  than  in  the  extremities 

(preferred  diatribution  of  akin  temperature) . 

Methodu  available  for  personal  thermal  conditioning  at  praaant  utilise  either  air  or  water  aa  tha 
medium  for  sxenanging  heat  between  the  man  and  hia  environment.  Air  can  be  uaed  as  a haat  transfer  agent 
in  two  modes;  either  ueing  its  evaporative  capacity,  or  utilising  it*  convective  power.  Vhen  water  ia 
used  as  the  cooling  agent  the  beet  transfer  me ch an  1 am  is  more  complicated,  both  conductive  and  convective 
elements  being  present. 

AIR  VENTILATED  SYSTEMS  (AVS) 

1.  tCCUAHISH  Of  ACTION 

a.  Evaporative 

Although  there  are  several  engineering  advantages  to  this  method  of  using  air  vantilation.  it 
ia  the  least  acceptable  method  of  personal  thermal  conditioning,  in  tanas  of  both  physiological  and 
subjective  assessments  of  thermal  comfort.  Tha  mechanism  by  which  heat  is  transferred  from  tha  man 
ia  by  removal  of  latent  heat  of  vapourisation  of  aveat.  However,  before  man  begins  to  sweet  a 
degree  of  thermal  strain  must  exist.  Therefore,  although  a thermal  steady  state  situation  may  be 
arrived  at  by  using  evaporative  air  ventilation  in  a haat  stress  situation,  it  vi'il  be  eccoevanied 
by  an  elevation  in  deep  body  temperature  and  aome  lose  of  thermal  comfort. 

b.  Convective 

The  use  of  ait  vantilation  for  removal  of  sensible  heat  in  this  mode  offers  the  obvious  advantage 
that  the  heat  transfer  mechanism  does  not  require  the  man  to  sweat  before  it  begins  to  work.  Thu*  it 
is  possible  to  maintain  thermal  comfort  without  any  elevation  in  deep  body  temperature.  This  is  t 
more  acceptable  method  of  maintaining  thermal  comfort  both  in  tsrr  of  objective  physiological 
responses  and  subjective  criteria.  However,  thia  advantage  ia  offaet  by  several  disadvantages  in 
terms  of  tha  penalties  on  the  aircraft  of  providing  the  quantities  of  cold  air  needed  for  tba  system 
to  function  adequately. 

2 . SUPPLY  HEQUUUSMEHTS 

When  utilising  air  ae  the  cooling  agent  for  personal  thermal  conditioning  ays  feme  tha  mechanism  of 
haat  transfer,  l.e.  evaporative  or  convective,  has  important  iaq>licationa  on  both  the  design  of  the  air 
aupply  systems  and  of  tha  garments  utilicing  the  supply  systesm  . Tha  tampers turs  of  tha  air  for  evapora- 
tive cooling  need  not  be  lover  than  that  of  the  mean  skin  taaperatura . What  ie  important  ia  that  the 
water  content  of  the  air  is  minimal  so  that  maximum  evaporation  from  the  vet  skin  lo  the  air  can  take 
place.  Air  temperatures  of  up  to  AO°C  with  low  humidity  will  still  provide  sufficient  cooling  power  to 
maintain  a thermal  etsady  state,  albtit  at  an  elevated  deep  body  temperature.  This  ms  ana  that  tha  inevi- 
table haat  pick-up  by  the  ventilating  air  supplies,  frost  the  pipework  system  between  tba  cold  air  unit, 
water  extractor,  and  the  man,  ia  of  last  importance  than  in  convective  cooling.  In  the  latter  system  tha 
teaqisrtture  of  tha  sir  supply  to  tha  man  must  be  less  than  tha  mean  skin  temperature  for  cotafort,  i.a.  33°C . 
However,  huaidity  ia  laaa  important  than  for  evaporative  sir  ventilation,  Craatar  quantities  of  air  are 
aecttaary  for  removal  of  a given  quantity  of  haat  by  convection  than  evaporation.  An  inadequacy  of  both 
types  of  ATS  it  that  tha  teepersturs  control  for  all  aircrew  weaker  a in  ar.  aircraft  ia  set  by  a master 
control  twitch  which  tha  pilot  oparatas,  All  other  crew  members  can  only  control  the  flow  rate  to  their 
Individual  garments.  Illustrations  of  the  air  supply  sy items  for  evaporative  and  convective  personal 
thermal  conditioning  are  shown  in  figures  1 and  2.  It  can  be  seen  from  thaaa  figures  that  tha  convective 
air  supply  ayataa  way  incorporate  a turbo-fan  cold  air  unit.  Tha  additional  cooling  power  available  from 
this  unit  means  that  leas  load  ia  placed  on  tha  p risks ry  haat  exchanger  utilising  environmental  control 
system  air.  This  results  in  a lower  heat  load  being  paasod  to  the  cabin  coaditioaLig  air  than  in  the 
evaporative  AVS. 
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3.  GARMENT  DESIGN 

When  considering  the  garments  used  in  conjunction  with  air  supplies  in  both  evaporative  and  convec- 
tive model,  substantial  differences  are  again  encountered.  Since  different  skin  sites  sweat  at  approxi- 
mately equal  rates,  evaporation  is  mo9t  efficiently  achieved  by  providing  equal  volume  flows  of  air  to 
equal  skin  surface  areas.  If  this  equal  flow  to  equal  skin  area  distribution  is  not  achieved,  sweat  will 
not  be  evaporated  adequately  from  some  regions  and  therefore  a higher  sweat  rate  from  the  supplied  areas 
will  be  required  to  maintain  sufficient  heat  extraction.  Also  in  those  areas  where  the  distribution  of 
air  is  inadequate,  wetting  of  the  garments  will  take  place  producing  discomfort.  In  the  past  this  equal 
voliane  flow  to  all  skin  areas  has  been  achieved  by  a complicated  ducting  system  comprising  a large  number 
of  equal  bore  tubes  supplying  air  jets  within  the  garment  (Figure  3) . Although  at  the  present  time  it  is 
felt  that  the  air  distribution  system  might  be  simplified,  the  necessity  to  provide  equal  air  flows  to 
equal  skin  areas  does  limit  design  improvements.  For  convective  air  cooling  a relatively  greater  amount 
of  cooling  must  be  provided  to  the  periphery  than  the  central  body  area  to  maintain  preferred  skin  tem- 
perature distribution.  The  design  of  these  garments  has  allowed  a simpler  pipework  system  than  that  used 
in  evaporative  garments  to  be  developed  (Figure  4) . 

A summary  of  the  advantages  and  disadvantages  of  these  two  systems  is  shown  in  Table  1.  It  can  be 
seen  from  the  comparison  of  the  two  air  ventilation  methods  that  in  terms  of  maintaining  the  aircrew  in 
thermal  comfort,  the  convective  principle  is  the  method  of  choice.  However,  the  penalty  on  the  aircraft 
of  the  bulk  cf  equipment  to  provide  the  ventilating  supply  is  considerably  less  using  the  evaporative 
principle.  It  is  for  this  reason  that  at  the  present  time  in  the  Royal  Air  Force,  only  the  Buccaneer  has 
the  facility  for  providing  the  aircrew  with  convective  AVS  cooling.  However,  the  multi-role  combat  air- 
craft (MRCA)  in  its  present  Phase  1 development  is  being  produced  with  the  facility  to  provide  convective 
cooling  to  the  crew  if  required.  Even  if  future  generations  of  aircraft  are  manufactured  with  this  type 
of  cooling  system  there  still  remain  several  problems  to  be  solved.  Firstly,  the  pre-flight  heat  stress 
which  can  result  from  either  the  climate  or  from  a high  workload.  To  date  it  has  been  found  impossible  to 
provide  a practical  portable  conditioning  unit  to  supply  ventilating  air  whilst  the  individual  is  mobile 
in  the  pre  or  post  flight  phase.  The  only  prototype  portable  units  produced  have  been  of  such  bulk  and 
mass  (more  than  10  kilograms  fully  charged)  that  initial  assessments  suggested  that  the  cost  of  carrying 
the  item,  in  terras  of  workload  and  subjective  discomfort,  outweighed  its  useful  cooling  properties.  In  the 
absence  of  ventilation  to  the  suit,  the  air  ventilated  garments  become  yet  another  layer  of  thermal  insula- 
tion, adding  to  the  total  thermal  stress  on  the  individual.  Secondly,  since  personal  thermal  conditioning 
systems  utilising  air  ventilation  are  engine  dependent,  then  in  all  situations  where  low  engine  power  is 
being  applied,  i.e.  idling  descents,  and  taxy,  cooling  is  likely  to  be  inadequate  and  an  increase  in  ther- 
mal strain  will  occur.  In  ground  standby,  with  no  engine  power  available,  no  air  supply  will  be  available 
unless  it  is  supplied  from  an  auxiliary  ground  cooling  unit.  Finally  the  policy  to  protect  aircrew  from 
chemical  agents  requires  suitable  filters  for  the  air  supplies  to  these  garments.  These  filters  reduce  the 
performance  of  the  cooling  system. 

LIQUID  CONDITIONED  SYSTEM  (LCS) 

In  principle  this  process  involves  the  exchange  of  heat  between  the  man  and  the  liquid  flowing  in 
small  plastic  pipes  mounted  within  the  fabric  of  a stretch  material  garment  (Figure  5) . The  mechanism  of 
heat  transfer  is  a combination  of  both  conduction  and  convection.  To  date,  the  liquid  used  has  been  a 
mixture  of  water  and  ethylene  glycol  (the  latter  to  prevent  freezing  in  the  supply  system) . The  present 
proposal  is  for  a 50/50  water  glycol  mixture  which  will  meet  the  most  adverse  operating  conditions,  but 
will  allow  freezing  of  the  coolant  during  ground  cold  soak  to  -60°C.  Any  further  increase  in  the  fraction 
of  ethylene  glycol  in  the  mixture  will  both  reduce  the  cooling  properties  of  the  medium,  by  lowering  the 
thermal  conductivity  and  specific  heat,  and  also  increase  the  specific  gravity  and  viscosity  of  the  mixture 
requiring  a greater  power  source  to  maintain  a given  flow  through  the  system.  In  order  to  maintain  the 
preferred  skin  temperature  distribution,  the  liquid  after  entering  the  garment  at  an  inlet  manifold,  flows 
firstly  to  the  peripheral  parts  of  the  limbs,  and  then  flows  proximally  towards  the  central  trunk  area  to 
an  outlet  manifold. 

The  liquid  cooled  system  works  on  a fixed  flow  principle.  At  present  design  requirements  demand  a 
flow  rate  of  approximately  l.L.min'’^.  The  temperature  of  the  coolant  to  the  suit  inlet  can  be  varied  from 
15  C to  A5°C  and  is  controlled  by  individual  crew  members.  This  is  achieved  by  mixing  hot  and  cold  streams 
of  coolant  to  a value  selected  by  the  crew  member  on  his  temperature  controller.  The  suit  inlet  tempera- 
ture is  prevented  from  varying  outside  the  range  quoted  above,  by  sensors  in  the  supply  system  which  pro- 
duce an  error  signal  and  cause  the  by-pass  valve  to  work,  cutting  off  the  suit  supply.  Cooling  is  achieved 
using  a vapour  cycle  refrigeration  system  (Figure  6). 

Field  and  laboratory  assessments  of  different  personal  thermal  conditioning  systems,  including  liquid 
conditioned  systems,  convective  air  ventilated  systems  and  evaporative  air  ventilated  systems,  have  fur- 
nished evidence  that  both  on  physiological  objective  measurements  and  subjective  criteria,  the  liquid  con- 
ditioned suit  system  is  the  most  acceptable.  The  use  of  w.iter  as  a cooling  agent  offers  several  advantages 
over  air.  The  specific  heat  of  water  being  considerably  higher  than  that  of  air,  a much  larger  quantity  of 
heat  can  be  accepted  by  a unit  mass  of  water.  The  liquid  system  provides  a closed  loop  system  and  this  has 
two  advantages.  Firstly,  because  recirculation  of  the  heat  transfer  fluid  takes  place,  only  the  heat  picked 
up  by  the  coolant  from  the  man  and  the  cockpit  environment  has  to  be  eliminated  from  the  system.  Secondly, 
protection  of  the  cooling  medium  from  chemical  agents  is  far  easier  than  with  that  of  an  open  circuit  system 
using  air  ventilation.  The  smaller  power  requirements  and  reduced  flow  of  the  cooling  medium  facilitates 
tiu*  development  of  a practical  portable  conditioner.  To  date  prototypei  have  been  produced  wearing  approxi- 
mately 5 kilograms  fully  charged  (Figure  7),  All  crew  rooms  where  LCS  are  being  used  by  the  aircrew  can  be 
provisioned  with  a supply  of  readily  charged  portable  conditioners.  The  user  only  requires  to  disconnect 
a conditioner  from  its  charging  source  and  connecc  it  to  his  inlet/outlet  suit  manifold.  The  endurance  of 
a fully  charged  conditioner  varies  with  the  heat  input  from  the  man  and  environment,  but  under  normal  opera- 
ting procedures,  i.c.  walk-out  to  aircraft  phase  endurances  of  60  min  have  been  recorded.  The  LCS,  unlike 
the  AVS,  i s independent  of  engine  power  requiring  only  electrical  output  from  the  aircraft’s  system.  This, 
in  conjunction  with  a practical  portable  conditioning  unit  means  that  personal  thermal  conditioning  is 
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available  Ce  eh*  airersv  throughout  CtM  vtto la  sortie.  The  comparative  advantage*  of  the  U28  are  sum- 
marised in  Table  1 with  those  of  the  A VS  systems. 

To  dace  no  aircraft  have  bean  developed  with  an  integral  liquid  conditioned  suit  system,  despite  Che 
opinion i of  most  investigators  in  the  field  of  personal  thermal  conditioning  that  the  LGS  offers  consider- 
able mat  ad  vantage  a over  air  ventilated  ay*  team,  however,  at  the  present  tine  discus, i>n  is  proceeding  on 
the  feasibility  of  incorporating  a liquid  conditioned  suit  system  in  the  UK  variant  of  the  KRCA . 
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CABIN  PRESSURISATION  AND  OXYGEN  SYSTEMS -REQUIREMENTS 
by 

Wing  Commander  J.  Ernsting,  OBE 
RAF  Institute  of  Aviation  Medicine,  Famborough 


SUMMARY 

The  considerable  interactions  between  the  physiological  requirements  for  cabin  pressurisation  and 
the  relationship  between  concentration  of  oxygen  and  cabin  altitude  required  of  oxygen  delivery  systems 
for  aircrew  in  flight  are  explored  in  this  paper.  Although  work  performed  until  1960  suggested  that 
hypoxia  induced  by  breathing  air  at  altitudes  of  up  to  8000  feet  was  acceptable,  investigations  performed 
more  recently  at  RAF  I AM  and  elsewhere  suggest  that  the  maximum  acceptable  degree  of  hypoxia  for  aircrew 
in  flight  is  that  associated  with  breathing  air  at  5000  feet.  The  incidence  of  hypoxia  due  to  malfunction 
of  oxygen  delivery  equipment  and  of  decompression  sickness  at  altitudes  above  20,000  feet  is  such  that  the 
maximum  cabin  altitude  in  combat  aircraft  should  not  exceed  20,000-22,000  feet.  The  concentration  of 
oxygen  which  must  be  breathed  to  avoid  transient  hypoxia  on  sudden  failure  of  a pressure  cabin  even  when 
100X  oxygen  is  delivered  to  the  respiratory  tract  immediately  the  decompression  occurs  is  generally 
greater  in  high  differential  pressure  aircraft  than  that  required  to  prevent  significant  hypoxia  with  the 
pressure  cabin  intact.  Even  in  modem  combat  aircraft  this  consideration  requires  a higher  than  "5000  feet 
equivalent"  breathing  mixture  at  aircraft  altitudes  greater  than  35,000  feet. 


INTRODUCTION 

Although  the  basic  physiological  requirements  for  cabin  pressurisation  and  the  performance  of  oxygen 
systems  are  well  established  the  interactions  between  these  two  essential  life  support  systems  have  only 
been  explored  in  detail  over  the  last  15  yeaTs.  Some  of  these  interactions  and  the  way  in  which  they 
affect  the  physiological  aspects  of  the  requirements  for  cabin  pressurisation  and  oxygen  systems  are  con- 
sidered in  this  paper. 

The  crew  and  passenger  compartments  of  virtually  all  modern  high  performance  combat  and  transport  air- 
craft are  pressurised  with  air  in  order  to  prevent  the  occupants  being  exposed  to  the  low  pressure  of  the 
environment  in  which  the  aircraft  may  fly.  At  first  sight  there  would  appear  to  be  great  advantages  in 
maintaining  the  absolute  pressure  in  the  cabin  at  one  atmosphere  (760  mm  Hg)  throughout  flight.  Such  a 
requirement  would  however  impose  considerable  penalties  with  regard  to  the  weight  of  the  pressure  cabin 
and  the  pressurisation  equipment,  and  hence  the  performance  of  the  aircraft.  Furthermore,  the  larger  the 
pressure  differential  across  the  wall  of  a cabin  the  greater  is  the  risk  of  damage  to  the  aircraft  and  its 
occupants  in  the  event  of  a failure  of  the  structure.  Thus,  in  practice,  compromises  are  made  between  the 
physiological  ideal  of  a cabin  pressure  of  1 atm  absolute,  the  weight  and  performance  penalties  of  a high 
cabin  pressure  differential  and  the  risk  of  explosive  failure  of  the  cabin.  A clear  recognition  of  the 
effects  of  low  environmental  pressure  upon  man  in  particular  hypoxia,  decompression  sickness,  expansion  of 
gastro-inteatinal  gas  and  the  effects  of  rate  of  change  of  pressure  upon  the  middle  ears  and  sinuses  is 
essential  to  the  derivation  of  the  best  compromise  cabin  pressurisation  schedule  for  an  aircraft.  The 
form  of  the  cabin  pressurisation  schedule  can  affect  the  ideal  relationship  between  the  concentration  of 
oxygen  delivered  by  the  oxygen  system  and  the  cabin  altitude.  The  cabin  pressurisation  schedule  also 
determines  the  pressure  differential  applied  to  the  oxygen  and  respiratory  systems  in  the  event  of  a decom- 
pression of  the  cabin. 

HYPOXIA  DURING  ROUTINE  FLIGHT 

The  intensity  of  hypoxia  which  is  acceptable  in  aircrew  operating  aircraft  has  important  implications 
for  the  design  of  both  pressure  cabins  and  aircraft  oxygen  systems.  It  sets  the  maximum  cabin  altitude  in 
aircraft  in  which  air  is  breathed  during  flight  and  the  minimum  concentrations  of  oxygen  delivered  by  an 
oxygen  system. 

The  results  of  numerous  studies  of  the  effects  of  acute  hypoxia  carried  out  before  and  during  World 
War  II  suggested  that  psychomotor  and  mental  performance  is  unimpaired  by  breathing  air  at  altitudes  up  to 
about  12,000  feet  (McFarland  (1);  Ernsting  (2)},  The  one  exception  was  the  light  sensitivity  of  the  dark 
adapted  eye  which  is  significantly  reduced  by  the  hypoxia  associated  with  an  inspired  Pq^  of  110  mm  Hg  (3) • 
It  was  accepted  as  a result  of  these  studies  and  practical  experience  gained  in  flight  that  the  hypoxia 
induced  by  breathing  air  at  altitudes  of  up  to  8000  feet  was  acceptable  for  flight  deck  crews.  In  1962 
however,  Ernsting,  Gedye  and  McHardy  (4)  found  that  the  ability  of  subjects  to  reproduce  a sequence  of 
eight  digital  operations  learnt  whilst  breathing  air  at  8000  feet  was  significantly  impaired  as  compared 
with  their  performance  when  the  task  had  been  learnt  whilst  breathing  1002  oxygen  at  8000  feet.  This  find- 
ing led  to  two  further  studies  at  the  RAF  Institute  of  Aviation  Medicine  of  the  effects  of  mild  hypoxia 
upon  performance  during  the  learning  of  a task  (5  and  6).  The  performance  of  matched  groups  of  subjects 
was  measured  during  the  learning  of  a complex  orientation  task  whilst  breathing  air  at  ground  level,  5000 
and  8000  feet.  The  subject  carried  out  mild  exercise  on  a bicycle  ergometer  and  was  also  required  to  main- 
tain a constant  pedalling  speed.  Performance  at  this  complex  orientation  task  was  impaired  by  mild  hypoxia 
whilst  the  test  was  being  learnt  but  not  after  the  subjects  had  practised  it.  Impairment  during  the  learn- 
ing phone  was  only  just  detectable  at  5000  feet  (222  increase  in  mean  reaction  time  (p<0.05))  but  con- 
siderable at  8000  feet  (mean  reaction  time  twice  that  obtained  at  ground  level  (p<0.02)).  Several  other 
Independent  studies  have  shown  that  breathing  air  at  8000  feet  produces  a significant  impairment  of  per- 
formance during  the  learning  phase  of  a vigilance  task  (7),  a complex  psychomotor  task  (8)  and  a complex 
choice  reaction  task  (9).  Other  investigations  in  which  subjects  performed  two-dimensional  tracking  (10), 
mentaL  problem  solving  and  auditory  vigilance  (11)  confirmed  that  the  hypoxia  associated  with  breathing 
air  at  altitudes  up  to  8000  - 10,000  feet  has  no  detectable  effect  on  performance  if  the  task  has  pre- 
viously been  well  learnt  at  ground  level. 
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In  suonary,  tharafort,  racanc  atudia«  have  shown  that  the  hypoxia  induced  by  breathing  air  at  alti- 
tudes of  up  to  10,000  feet  (inspired  P q?  * 99  mo  Hg)  has  no  effect  upon  well  learnt  tasks  but  does  prolong 
the  time  taken  to  learn  a new  task.  *Thia  impairment  of  learning  increases  with  the  complexity  of  the 
task  but  even  choice  reaction  times  are  significantly  prolonged  by  breathing  air  at  8000  feet.  Impairment 
of  learning  even  of  a complex  task  is  only  just  detectable  at  5000  feet.  Although  routine  flying  consists 
primarily  of  the  practice  of  thoroughly  over-learnt  tasks,  unpractised  emergency  situations  do  occur  in 
both  military  and  civil  operations  and  novel  combinations  of  complex  tasks  occur  repeatedly  in  combat 
flying.  Thus  reduction  of  the  inspired  Pp2  to  108  mm  Hg  (equivalent  to  breathing  air  at  8000  feet)  should 
not  be  accepted  for  aircrew  employed  in  air  operations  because  it  produces  a very  significant  impairment 
of  the  ability  to  respond  to  novel  complex  situations.  It  is  concluded  that  a practical  compromise  with 
regard  to  the  degree  of  hypoxia  acceptable  when  oxygen  economy  or  the  magnitude  of  the  cabin  differential 
pressure  are  of  concern  is  that  inspired  Po,*  down  to  122  mm  Hg  i.e.  breathing  air  at  altitudes  up  to 
5000  feet  are  ecceptable  for  aircrew  operating  both  combat  and  transport  aircraft.  Thus  the  cabin  alti- 
tude of  an  aircraft  in  which  the  aircrew  breathe  air  should  not  exceed  5000  feet.  The  engineering  and  air- 
craft performance  penalties  of  applying  this  physiological  requirement  to  current  transport  aircraft  oyer 
the  whole  range  of  operating  altitudes  is  however  significant.  The  current  practical  compromise  set  in 
the  UK  is  that  the  cabin  altitude  shall  not  exceed  6000  feet  at  the  maximum  cruising  altitude  of  the  air- 
craft. The  minimum  oxygen  concentration-cabin  altitude  relationship  for  current  UK  crev  oxygen  delivery 
systems  is  a ground  level  equivalent  (inspired  P(v  ■ 159  mm  Hg) . The  use  of  a minimum  concentration  of 
oxygen  which  produces  hypoxia  equivalent  to  that  induced  by  breathing  at  5000  feet  (inspired  Po2  ■ 122  mm  Hg) 
has  however  been  used  for  many  years  in  North  America. 

MAXIMUM  ACCEPTABLE  CABIN  ALTITUDE  BREATHING  OXYGEN 

In  combat  aircraft  the  weight  and  hence  aircraft  performance  penalties  of  a high  differential  pressure 
cabin  such  that  the  crew  may  breathe  air  throughout  flight,  are  unacceptable.  Furthermore  it  is  usually 
considered  that  the  threat  to  the  integrity  of  the  pressure  cabin  by  enemy  action  and  the  possible  ensuing 
decompression  should  be  taken  into  account  in  this  type  of  aircraft.  Thus,  it  is  generally  accepted  that 
the  crew  of  combat  aircraft  will  wear  oxygen  equipment  throughout  flight  so  that  the  magnitude  of  the  cabin 
pressure  differential  in  this  type  of  aircraft  can  be  considerably  less  than  if  the  maximum  cabin  altitude 
is  limited  to  the  5000  to  8000  feet  required  by  air  breathing. 

The  early  post  war  combat  aircraft  designed  and  built  in  the  UK  had  a maximum  cabin  pressure  differen- 
tial of  3.5  Lb./sq.in.  (180  mm  Hg)  so  that  cabin  altitude  was  of  the  order  of  25,000  feet  when  the  aircraft 
altitude  approached  45,000  feet.  It  was  believed  that  this  cabin  pressure  differential  represented  the 
best  compromise  between  the  risk  of  hypoxia  and  decompression  sickness  during  flight  at  high  altitude  on 
the  one  hand  and  of  damage  in  the  event  of  a sudden  decompression  on  the  other.  As  experience  was  gained 
of  the  reliability  of  pressure  cabins  and  the  altitudes  at  which  service  flying  was  carried  out  approached 
and  exceeded  50,000  feet  and  the  maximum  cabin  pressure  differential  for  combat  aircraft  was  increased  to 

4.0  Lb./sq.in.  (210  mm  Hg) . 

By  progressively  enriching  the  inspired  air  with  oxygen  it  is  possible  to  maintain  the  alveolar  oxygen 
tension  at  the  value  associated  with  breathing  air  at  sea  level  at  altitudes  of  up  to  33,000  feet.  However, 
the  rate  at  which  the  function  of  the  central  nervous  system  is  impaired  by  an  interruption  of  the  oxygen 
supply  so  that  the  aircrew  man  reverts  to  breathing  air  increases  progressively  as  the  altitude  is  raised 
above  15,000  feet.  The  time  available  at  an  altitude  of  20,000  feet  for  an  individual  to  recognise  that 
his  oxygen  supply  has  ceased  and  for  him  to  carry  out  the  appropriate  corrective  action  is  approximately 
three  times  greater  than  the  time  available  at  an  altitude  of  25,000  feet.  Furthermore,  the  reduction  of 
the  inspired  oxygen  tension  produced  by  a given  fractional  inboard  leak  of  air  due  to  an  illfitting  oro- 
nasal  mask  increases  with  increase  of  altitude.  Thus,  although  it  is  theoretically  possible  to  maintain  a 
normal  sea  level  alveolar  oxygen  tension  at  altitudes  of  up  to  33,000  feet  by  increasing  the  concentration 
of  oxygen  in  the  inspired  gas  these  considerations  suggest  that  both  the  incidence  of  hypoxia  and  its 
severity  will  increase  with  increase  of  altitude  above  15,000  feet.  The  incidence  of  hypoxia  accidents  in 
unpressurised  aircraft  in  World  War  II  was  6 times  greater  for  flight  at  25,000  feet  as  for  those  at 

20.000  feet  whilst  when  the  altitude  of  flight  was  30,000  feet  the  incidence  was  nearly  70  times  that  at 

20.000  feet.  The  experience  of  the  Royal  Air  Force  over  the  last  20  years  has  amply  confirmed  these  war- 
time observations,  with  the  incidence  and  severity  of  hypoxia  accidents  rising  markedly  with  increase  of 
cabin  altitude  between  20,000  feet  and  25,000  feet. 

Other  aeromedical  consequences  of  the  use  of  maximum  cabin  pressure  differentials  of  3.5  and  4.0  Lb./ 
sq.in.  gauge  have  been  a significant  incidence  of  decompression  sickness  and, associated  particularly  with 
the  introduction  of  aircraft  capable  of  very  high  rates  of  descent,  the  occurrence  of  otitic  and  sinus 
barotrauma.  There  has  been,  therefore,  over  the  last  10  years  an  increasing  tendency  to  advise  that  the 
maximum  cabin  altitude  in  strike  aircraft  should  be  reduced  from  25,000  feet  towards  20,000  feet.  The  most 
recent  UK  requirement  for  cabin  pressurisation  which  in  this  respect  is  in  agreement  with  the  United  States 
MIL  specification  for  the  pressurisation  of  the  cabins  of  strike  aircraft  requires  that  the  maximum  cabin 
pressure  differential  shall  be  5.25  Lb./sq.in.  (275  mm  Hg) . This  requirement  provides  a cabin  altitude  of 

16.000  feet  when  the  aircraft  altitude  is  40,000  feet  and  a cabin  altitude  of  19,500  feet  at  an  aircraft 
altitude  of  50,000  feet. 

CABIN  PRESSURISATION  SCHEDULES  - COMBAT  AIRCRAFT 

The  relationship  required  between  cabin  pressure  differential  and  aircraft  altitude  in  a combat  air- 
craft depend.}  upon  a number  of  considerations.  At  first  sight  it  may  appear  highly  desirable  that  pres- 
surisation  of  the  cabin  should  commence  at  the  lowest  possible  aircraft  altitude  and  that  the  cabin  alti- 
tude should  be  held  constant  as  the  aircraft  ascends  until  the  maximum  cabin  pressure  differential  is 
reached.  This  is  the  form  of  pressurisation  schedule  required  by  United  States  MIL  specification.  In 
practice,  in  order  to  avoid  pressurisation  of  the  cabin  when  the  aircraft  is  on  the  ground  it  is  necessary 
to  delay  the  altitude  of  onset  of  pressurisation  to  a pressure  altitude  which  exceeds  the  lowest  atmospheric 
pressure  which  may  occur  when  the  aircraft  is  on  the  ground.  A reasonable  compromise  would  appear  to  be 
that  the  pressurisation  of  the  cabin  of  a strike  aircraft  should  commence  at  an  aircraft  altitude  of  5000 
feet.  With  a maximum  cabin  pressure  differential  of  5.25  Lb./sq.in.  it  is  possible  to  maintain  a cabin 
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altitwi*  at  5000  teat  batman  aircraft  altitudes  of  5000  and  19,000  fact  (Tab la  1,  MIL  specification). 
TabU  1. 


Tha  raU 
a l re  r e 


Utlonahlp  batman  cabin  altituda  and 

Ttalcltuis  atrTErarera7F 


Aircraft  Altituda 
(teat) 

Cabin  Altitude 
(teat) 

MIL  Specification 

UK  Requirement 

0 

0 

0 

5,000 

5,000 

5,000 

10,000 

5,000 

6,500 

15,000 

5,000 

8,500 

20,000 

5,500 

10,250 

25,000 

8,500 

12,250 

30.000 

11,250 

13,500 

35,000 

13,750 

14,750 

40,000 

16,000 

16,000 

45,000 

17,750 

17,750 

50,000 

19,500 

19,500 

A praaauriaation  achadula  of  thia  typo  amuraa  that  tha  cabin  altituda  is  naintainad  at  tha  lowest  prac- 
tical level  ovar  tha  whole  flight  envelope.  However,  f ton  tha  points  of  view  of  structural  fatigue  of  tha 
pressure  cabin  and  tha  risk  of  damage  to  tha  occupants  arising  fro*  a structural  failure,  it  ia  highly 
desirable  that  tha  proportion  of  tha  flight  envelop*  in  which  tha  *axiaua  cabin  pressure  differential  ia 
operative  should  be  kept  to  a minimum.  The, a considerations  rasult  in  tha  type  of  cabin  presaurisation 
achadula  euploytd  in  Ilk  ccabat  aircraft  in  which  tha  naximua  preasura  differential  ia  not  operative  until 
the  aircraft  altitude  exceeds  a value,  depending  upon  tha  Magnitude  of  tha  naximua  pressure  difference, 
between  25,000  feet  and  SO, 000  feet.  At  altitudes  batman  that  at  which  cabin  presaurisation  coasencaa 
and  that  at  which  tha  xaximm  pressure  differential  become  operative  the  absolute  preasura  in  the  cabin 
varies  linearly  with  the  axtamcL  atmospheric  pressure.  Tha  latest  UK  requirement  for  strike  aircraft 
raquiraa  that  the  w»*i»-ai  cabin  differential  cf  5.25  Lb./aq.ln.  ia  only  operative  at  and  abova  an  aircraft 
altituda  of  40,000  fast  (Table  1 - UK  requirement) . 

Although  tha  UK  preaauriaatLon  achadula  results  in  higher  cabin  altitudas  at  aircraft  altitude! 
batman  5000  and  40,000  feat  than  those  given  by  tha  MIL  spaclficstion  schedule  (Table  1)  tba  difference 
is  of  litcla  significance  with  respect  to  tha  potential  occurranca  of  hypoxic  incident*  since  the  differ- 
ence only  eriaes  at  cabin  altitudes  balow  16, COO  Teat.  Indeed  the  differences  between  tha  cabin  altitudes 
produced  by  tha  two  schedules  is  greatest  at  tha  lower  aircraft,  and  henca  cabin  altitudes  where  the  possi- 
bility of  significant  hypoxia  occurring  in  flight  can  be  virtually  discounted. 

Of  considerably  greater  practical  isvottance  however  ia  tha  difference  in  tha  rata  of  change  of  cabin 
altituda  with  a given  rate  of  descent  of  the  aircraft  produced  by  the  MIL  specification  and  US  typea  of 
schedule.  The  MIL  specification  achadula  provides  a constant  cabin  altituda  on  daacent  from  an  altituda 
of  19,000  faat  until  tha  aircraft  passes  through  5000  fsat  balow  which  cabin  pressuriaation  coasas  and 
the  rata  of  decrease  of  cabin  altitude  equals  tha  rata  of  descant  of  tha  aircraft.  With  tba  UK  require- 
ment however  the  cabin  altituda  decreases  progressively  ss  tha  aircraft  descends  from  19,000  faat  to 
5000  face.  On  tha  other  hand,  daacent  fro*  aircraft  altitudes  greater  than  19,000  faat  gives  a progressiva 
dacraaaa  of  cabin  altituda  with  either  achadula.  For  a given  rata  of  descant  of  tha  aircraft  However  tba 
rata  of  lucraasa  of  cabin  absolute  pressure  produced  by  tba  MIL  specification  la  about  twice  that  produced 
by  tha  UK  preaauriaatioo  achadula.  Thus  with  high  rates  of  descant  fro*  altitudas  considerably  abova 
19,000  faat  tha  MIL  specification  schedule  raquirsa  a aora  frequent  venting  of  the  middle  eer  cevitiea  end 
einusee  and  with  very  high  ratal  of  descent  of  Che  circief".  would  be  expected  to  cause  a greater  incidence 
of  otitic  and  sinus  bar* trauma  than  that  associated  with  tha  UK  praaauriaation  achadula. 


It  way  Ha  concluded  therefore  that  aeraamdLcally  for  a strika  aircraft  which  opsrataa  primarily  at 
altitude*  balow  20,000  faat  tha  MIL  specification  achadula  of  cabin  praaauriaation  ia  aora  suitable  than 
tha  UK  achadula.  On  tha  other  band  tha  UK  praituxiiat ion  achadula  is  aora  desirable  than  that  given  by 
tha  MIL  apactf icatioo  whan  tha  aircraft  is  expected  to  spend  a significant  proportion  of  ita  flight  tim 
at  altitudas  in  tha  20,000  faat  to  50,000  fast  raaga.  Engineering  consideration*  related  to  the  incraasad 
structural  fatigue  produced  by  tha  MIL  apaclf icatioo  praaauriaation  schedule  could  give  so  overall  advan- 
tage to  tha  OK  require want  even  for  a strika  aircraft  which  opsrataa  predoainsntly  at  altitudes  balow 
20,000  teat. 

HTPOXXA  aroUCKD  IT  RAPID  (XCOMraSSIOM 

A rapid  decompression  of  tha  pressure  cabin  of  as  aircraft  flying  at  altitude  produces  an  equally  rapid 
fall  of  tha  Pq,  sod  PcOy  ot  tha  alveolar  g»a.  Thu*  rapid  decompression  whilst  breathing  air  fro*  #000  feat 
to  40,000  faat  In  1.6  sac  produce*  a virtually  instantaaaoua  fall  of  alveolar  Po,  fro*  65  to  15  a*  lg  and 
tha  alveolar  Po,  raaala*  below  IS  am  lg  for  aa  long  as  air  ia  breached  at  40,000  faat  (4).  If  tha  subject 
does  sot  start  to  breaths  1001  oxygen  until  8-10  sec  after  the  beginning  of  decompression  unconsciousness 
supervenes  approximately  5-7  sac  latar.  Evan  abas  1001  oxygen  is  delivered  to  tba  respiratory  tract  at 
the  beginning  of  the  decompression  there  ia  a very  aignif icaat  iapalraent  of  performance  during  tha  period 
fro*  13  see  to  40  sec  after  tha  decompression . 

gxtamaive  studies  at  tha  Uf  Institute  of  Avia  lias  Medicine  of  l he  effects  of  rapid  decoaprassion 
(times  of  decompression  varied  between  1.5  amd  90  see)  whilst  breathing  air  from  #000  fast  to  final  alti- 
tude* between  25,000  faat  and  43,000  faat  in  which  1001  oxygen  has  bam  delivered  to  the  respiratory  tract 
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at  various  intervals  attar  tha  decompression  bar*  lad  to  tha  conclusion  that  thara  ia  a significant 
i^tlnmt  of  performance  and  da  tan  tab  la  ohaagaa  La  tha  sag  if  tha  alveolar  Pn,  La  reduced  to  balow 
JO  am  Hg  a van  for  a vary  abort  period.  Parforaanca  baa  baa  aanaarad  by  test  l fig  tha  ability  of  tba  lub- 
Jact  to  reproduce  a recently  laarat  nquainrt  of  operations  of  a aat  of  thraa  keys  (12)  aad  tha  reaction 
time  to  a rapidly  rapaatad  apatLal  orlantatian  tank  (13)  . Tha  lotanaity  of  tha  chaogsa  of  tba  sag  aad  the 
dagraa  of  impairment  of  parforaanca  ha va  baa  found  to  ba  proportional  to  tha  magnitude  of  tha  hypoxic 
pulaa  aa  expressed  by  cha  araa  on  on  alvaolar  Pg^-tlaa  plot  below  a Pq.  of  JO  a Hg.  The  intanalty  of  tha 
hypoxic  pulaa  iocraaaaa  aa  tha  final  altituda  la  raised  prograaaivaly  above  30,000  faat  and  aa  tha  inttrval 
between  tha  ba ginning  of  tba  daccwpraaaioo  aad  tha  delivery  of  100X  oxygan  to  tba  rcapiratory  tract  ia 
lengthened . 

Any  iapairment  of  performance  aa  dataetad  by  tha  two  taata  uaad  in  thaaa  atudiaa  ia  ccasidarad  to  ba 
onaccaptabla  in  aircrew  who  ara  required  to  perform  akillad  taaka  during  and  following  a rapid  decoopres- 
aioa  in  flight.  It  followa  tharafora  that  tha  alvaolar  Pq.  should  not  fall  balow  30  aa  Hg  during  or 
Lamsadiacaiy  aftar  a rapid  decompression.  Thua,  whilat  with  decompressions  to  an  altituda  of  23,000  faat 
tha  da li vary  of  100X  oxygan  can  ba  dalayad  for  up  to  IS  aec,  oxygan  auat  ba  braathad  iaaadiataly  whan  tha 
final  altituda  is  30,000  fast.  At  final  altitudaa  graatar  than  30,000  faat  tha  concantration  of  oxygan 
in  tha  gas  braathad  at  8000  faat  bafora  tha  decompression  auat  ba  graatar  than  21X  a van  if  100X  oxygen  ia 
braathad  iaaadiataly  tha  decompression  occura.  Tha  concantration  of  oxygan  which  auat  ba  braathad  bafora 
a decompression  to  pravant  alvaolar  Po2  falling  balow  30  aa  hg  aaauaing  that  100X  oxygan  ia  delivarad  to 
tba  raapiratory  tract  aa  tha  dacoapraaaion  occura  will  depend  upon  tha  initial  and  final  altitudes  (aud  to 
a eaallar  extant  upon  tha  duration  of  tha  rapid  dacoaraaaion) . Tha  relationships  between  tha  concantra- 
tion of  oxygen  raquirad  in  tha  inspired  gas  and  cabin  altituda  to  prevent  significant  impairment  of  par- 
foraance  (i.a.  tha  alveolar  ?o2  falling  below  30  mss  Hg)  following  rapid  dacoapraaaion  to  various  final 
altitudes  ara  depicted  in  Figure  1.  Analysis  of  this  relationship  show*  that  even  in  coabat  aircraft  with 
a 5.23  Lb./aq.in.  cabin  praasura  differential  tha  concentration  of  oxygan  required  to  pravant  significant 
hypoxia  on  a rapid  dacoapraaaion  (aaauaing  1001  oxygan  ia  delivered  immediately  the  dacoapraaaion  occura) 
excaads  that  required  to  aaintsin  an  inspired  Pq,  of  149  mm  Hg  during  routine  flight  at  cabin  altitudes 
above  16,000  faat  i.a.  aircraft  altitudaa  graatar  than  40,000  fast.  It  can  also  be  calculated  that  tha 
concentration  of  oxygan  raquirad  to  prevent  hypoxia  following  rapid  dacoapraaaion  exceeds  that  nacaaaary 
to  oaintain  an  inspired  P(u  of  122  m Hg  (equivalent  to  breathing  air  at  3000  feet)  at  cabin  altitudes 
above  14,000  faat  i.a.  an  aircraft  altituda  of  about  35,000  faat.  Thaaa  requirements  with  regard  to  the 
prevention  of  hypoxie  following  rapid  decoopreaaion  assume  that  10QX  oxygan  ia  braathad  imawdiataly  tha 
dacoapraaaion  occura.  A delay  In  the  delivery  of  100Z  oxygan  beyond  the  beginning  of  tha  rapid  decompres- 
sion can  induce  severe  hypoxie  (14).  The  design  of  the  oxygan  delivery  system  should  ensure  tha  delivery 
of  100X  Oxygan  to  the  mask  cavity  within  2 etc  of  tha  beginning  of  a rapid  decompression  to  an  altitude  in 
excaaa  of  30,000  feet. 

ULATKHSH1P  BKTUEEH  0 XT  GEM  COHOENTIATIOH  AMD  CABIN  ALTITUDE 

Tha  ideal  relationship  between  concentration  of  oxygen  in  tha  inspired  gas  and  cabin  altitude  ia  eat 
by  a master  of  physiological  and  operational  factors.  As  has  been  aaan  tha  minimum  concentration  ia  deter- 
mined by  tba  need  to  pravant  significant  impairment  of  performance  during  routine,  flight  and  following  a 
rapid  decompression.  The  actual  relationship  between  tha  minimum  acceptable  concantration  of  oxygen  in 
tha  inspired  gaa  and  cabin  altituda  nacaaaary  to  meat  tba  physiological  requirements  ia  aat  by  cha  cabin 
praaauriaation  schedule  and  tha  flight  altituda  of  tba  aircraft.  In  aircraft  with  high  differential  pres- 
sure cabina  tha  minimum  acceptable  concantration  of  oxygen  in  tha  inspired  gaa  la  determined  principally 
by  tha  requirement  to  pravant  hypoxia  on  rapid  decoaprcsalon.  Thus  in  aircraft  with  high  differential 
praasura  cabins  (8  - 10  Lb./aq.in.  gauge)  in  which  the  cabin  altitude  during  routina  flight  does  not 
exceed  6000  - 8000  faat  tha  concantration  of  oxygen  in  tha  inapirad  gas  isuat  exceed  that  in  air  if  hypoxia 
ia  to  ba  avoided  following  rapid  dacoapraaaion  to  a final  altituda  above  30,000  feat.  When  the  final  alti- 
tude after  sudden  dacoapraaaion  ia  40,000  feat  about  40X  oxygan  (Figure  1)  must  ba  breathed  bafora  tha 
dacoapraaaion  if  transient  hypoxia  ia  to  ba  avoided  (assuming  that  100X  oxygan  is  braathad  ieassdietely 
aftar  tha  decompression) . 

In  aircraft  with  low  differential  praaaura  cabina  (4  - 5.25  Lb./aq.in.)  tba  concentration  of  oxygan 
raquirad  in  tha  inspired  gaa  ia  determined  at  cabin  altitude!  of  up  to  about  15,000  fast  by  tha  need  to 
prevent  hypoxia  with  tha  prassurlsation  ayatsm  Intact  whilat  at  higher  cabin  altitudaa  it  ia  sat  by  the 
need  to  pravant  hypoxia  on  a rapid  deco^raasion . Tha  heavy  solid  line  in  Figure  1 shows  tha  miniasan  con- 
centration of  oxygen  raquirad  in  the  inspired  gas  in  a typical  coabat  aircrafe  (cabin  praaaura  differential 
of  5.25  Lb./aq.in.).  The  maximum  concentration  of  oxygan  acceptable  in  tba  Inapirad  gaa  ia  determined  by 
tha  need  to  avoid  lung  collapse  on  exposure  to  sustained  accelerative  forcaa  (+G*)  and  to  prevent  delayed 
otitic  barotravaa  (15). 
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Fleur*  1.  Relationships  between  concentration  of  oxygen  in  th*  inspired  gas  end  oabln  eltltuda  required 
(i)  to  aaintain  aleeolar  Pq,  at  103  *a  Hg  (oure*  narked  Q.L.  Equi*.),  Ill)  to  aaintain  alr*ol«r  P(v  75 
m Ug  (our**  aarkad  $,000  ft  Squl*),  (ill)  to  pr«*«nt  slgnlfloant  hypoxia  oo  rapid  d*oo«pr*aaloa  to  final 
altitudes  between  30,000  and  ^,$00  f**t  providing  IOCS  oxygen  is  breathed  laaediatsly  th*  decoaprsssloa 
oocurs  (dotted  our***  anrked  30,000  ft,  33,000  ft  ....  ‘♦a.SOO  ft)  and  (It)  depleting  ainiavse  concentration 
of  oxygen  required  at  various  oabln  altitude*  in  a uoabat  airoraft  with  a aaxiaua  oabln  differential 
preaeur*  of  3.2$  Lb./sq.ia.  gauge  (solid  our**  aarked  ainioua  for  ooabat  airoraft). 
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SKAT  MOUNTED  OXYGEN  REGULATOR  SYSTEMS  IN 
UNITED  KINGDOM  AIRCRAFT 

by 

Dt  A J F Macalllan 
RAF  Iuititute  of  Aviation  Medicine 
Farnborough 
Uanta 
England 


SlimARY 

Tha  rationale  for  punting  a demand  oxygan  regulator  aseeably  on  tha  ejection  seat  of  coabat  air- 
craft has  bean  daicribad.  Tha  apacial  facilities  which  have  been  ircorporaced  in  ayateos  used  in  the 
Royal  Air  Force  by  utilising  the  advantagca  of  seat  mounting  are  discussed  and  it  is  considered  that  the 
system  provides  true  duplication  of  essential  components,  allows  very  simple  crew  drills  and  reducas 
aircraft  servicing  penalties  in  the  event  of  malfunction  of  the  regulator  package. 
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INTRODUCTION 

In  recent  years,  a variety  of  sites  within  aircraft  cockpits  have  been  used  for  mounting  the  demand 
regulator  which  controls  the  composition,  flow  and  pressure  of  the  gas  delivered  to  the  crewman. 

Many  of  the  aircraft  currently  operated  by  the  Royal  Air  Force  incorporate  oxygen  systems  in  vhich 
the  regulator  is  torso  mounted.  Mounting  in  this  site  has  many  advantages  over  panel  mounted  regulators, 
including  ease  of  servicing,  and  ready  accessibility  but  suffers  severe  disadvantages  because  of  vulner- 
ability to  daaiage  and  many  more  regulators  than  aircraft  are  required  to  meet  the  service  needs, 

A review  of  the  available  sites  for  mounting  a demand  regulator  conducted  within  the  United  Kingdom, 
concluded  thst  the  most  desirable  poeition  is  on  the  side  of  the  ejection  test.  This  paper  describes  the 
advantages  embodied  in  these  systems  and  the  special  features  of  these  systems  used  in  United  Kiugdoo 
aircraft. 

ADVANTAGES  OF  SEAT  MOUNTED  OXYGEN  REGULATOR  SYSTEM 


1)  Miniature  man  mounted  oxygen  regulators  in  present  systems  ere  sited  on  the  crewman's  torso  harness,  j 

The  introduction  of  Improved  harnees  restraint  systems  has  led  to  withdrawal  of  the  torso  harness  thus  1 

the  convenient  location  on  the  crcv  member's  chest  is  no  longer  available,  Therefore  positioning  the 

regulator  eleevhere  in  the  cockpit  is  required. 

2)  A cheat-mounted  regulator  ia  extremely  eueceptible  to  damage.  Experience  has  demonstrated  that  a 
high  proportion  of  the  unsarviceability  associated  with  man  mounted  regulators  has  been  caused  by  blows 
to  the  regulator  either  during  donning  ur  doffing  the  torso  harness,  or  entry  and  exit  from  the  cockpit. 

> -j 

3)  A seat  mounted  regulator  reduces  the  amount  of  equipment  carried  by  the  crewman.  Aircraft  equipment  j -1 

assemblies  are  bulky  and  any  reduction  in  the  equipment  carried  by  the  crewman  has  advantages.  Further*-  i i 

more  there  la  more  space  available  on  the  seat  than  there  is  on  the  man. 

4)  Since  there  is  more  apace  available  on  the  seat  it  ia  possible  to  make  the  regulator  package  larger  ; 

than  that  which  can  be  comfortably  mounted  on  the  crewman  so  that  more  comprehensive  protection  for  J 

component  failures  including  duplication  of  regulators  can  be  provided.  i \ 

3)  Duplication  of  regulators  increases  the  flexibility  and  operational  capability  of  the  system  sc  that 

either  the  main  or  emergency  oxygen  supplies  may  be  used  through  either  of  the  regulators.  The  outlets  j 

of  the  two  desand  regulators  being  connected  via  a single  hose  to  the  crew  member’s  oro-nasal  mask.  jj 


6)  The  total  number  of  regulators  required  on  au  aircraft  fleet  is  considerably  less  than  the  number 
required  when  demand  regulators  are  issued  personally  to  all  aircrew. 

SPECIAL  FEATURES  OF  UNITED  KINGDOM  SEAT  MOUNTED  OXYGEN  SYSTEMS 


1)  Oxygen  supply 


Two  separate  stores  of  oxygen  are  provided,  main  and  emergency.  The  main  supply  is  used  throughout 
routine  flight  and  the  emergency  only  in  the  event  of  failure  or  contamination  of  the  main  supply  or 
following  ejection.  The  main  oxygen  supply  may  be  stowed  either  in  liquid  or  gaseous  form,  but  in  order 
to  achieve  optimum  regulator  performance  the  pressure  st  which  the  gas  is  delivered  to  the  regulator  is 
maintained  within  narrow  limits  (70*80  Lb/sq  in),  It  is  carried  to  the  seat  mounted  regulator  assembly 
by  a flexible  pipe  through  a quick  release  self-healing  coupling. 


The  emergency  oxygen  supply  enters  the  regulator  assembly  through  the  same  port  as  the  main  supply, 
Thi  on/off  valve  et  tha  outlet  of  the  emergency  oxygen  cylinder  can  be  operated  manually  by  the  crow 
member  by  means  of  a control  on  the  front  of  the  seat  pan.  It  is  also  turnad  on  automatically  on  ejec- 
tion, The  preaeure  at  which  tha  gas  from  the  emergency  oxygen  supply  io  dalivered  to  tha  regulator 
assembly  is  reduced  by  a valve  to  45  Lb/sq  in.  This  arrangement  ensures  that  if  both  the  main  and 
emergency  supplies  are  turned  on,  the  mein  supply  ia  used  iu  preference  to  the  emergency  supply.  The 
crew  member  can  determine  whether  or  not  tha  opergency  supply  la  being  consumed  sb  a pressure  gauge 


'WKpip^  J"1 


100 


indicating  Che  content*  of  Che  emergency  supply  cylinder  it  mounted  on  the  front  of  the  sett  pan  at  a 
position  where  ha  can  tea  it  in  flight, 

2)  Regulator  Assembly 

Consideration  of  the  essential  component*  of  the  oxygen  delivery  system  which  it  U estimated  are 
the  most  likely  to  malfunction  during  flight  has  resulted  in  the  decision  to  employ  two  demand  oxygen 
regulator*  in  the  teat  mounted  regulator  assembly.  The  regulator  to  be  used  is  brought  into  operation  by 
awitching  the  cooaon  oxygen  aupply  (from  the  main  and  emergency  stores)  to  that  regulator. 

However  complete  duplicetion  of  the  regulators  would  require  that  each  of  the  regulators  provided  all 
the  facilitiaa,  namely  airmix  and  1002  oxygen  with  automatic  safety  preaiure  and  pressure  breeching, 
However,  the  provision  of  both  sir  dilution  and  1002  oxygen  In  the  tame  miniaturised  regulator  tmposea 
certain  compromiaaa  on  performance  end  it  was  decided  that  one  of  the  two  regulators  would  provide  airmix 
whilst  the  ocher  provided  1002  oxygen.  Selection  of  airmix  or  1002  oxygen  during  flight  then  becomes 
simply  a matter  of  switching  tbs  oxygen  aupply  to  the  appropriate  regulator.  Thus  the  valve  in  the 
oxygen  aupply  line  becomes  the  tirmix/1002  oxygen  selector  switch.  The  alrmlr  regulator  ia  then  the 
primary  ragulator  which  ia  used  throughout  flight  whilst  the  1002  oxygen  regulator  (the  secondary  regu- 
lator) is  used  ooly  in  the  event  of  a failure  of  Che  airmix  regulator  or  when  1002  oxygen  la  required, 

This  arrangement  does  not  provide  air  dilution  with  its  attendant  economy  of  the  use  of  oxygen  in  the 
event  of  failure  of  the  primary  (einrix)  regulator.  The  crew  member  can  however  continue  to  u*e  the  air- 
craft oxygen  supply  through  a demand  regulator  and  the  only  penalty  of  failure  of  the  primary  (airmix) 
regulator  is  a reduced  endurance  end  Che  physiological  dieadvantage  associated  with  breathing  1002 
oxygen.  It  ia  necessary  to  fit  an  oxygen  preaiure  opening  valve  to  the  air  inlet  of  the  airmix  regulator 
in  order  to  enaure  that  air  cannot  enter  the  syatem  when  the  1002  oxygen  regulator  le  selected,  This 
air  ahut  off  vaLve  only  opena  when  Chars  la  an  adequate  oxygen  aupply  pressure  to  the  inlet  of  the  airmix 
regulator.  This  feature  also  provides  a warning  to  the  crewman  in  the  event  of  failure  of  the  mein  supply 
whan  tha  airmix  regulator  is  selected.  The  air-inlet  would  shut  and  he  would  experience  difficulty 
breathing  in. 

The  primary  airmix  regulator  provides  all  the  neceseary  facilities,  namely  oxygen  diluted  with  air, 
automatic  safety  presaure  at  cabin  altitudea  above  15,000  fejt  and  presaure  breathing  above  40,000  feet. 

It  alao  has  a press-to-taat  facility  whereby  the  mask  presaure  can  be  raised  to  20-30  mm  Hg  in  order  to 
teat  the  function  and  the  integrity  of  the  system  before  (and  during)  flight. 

Minimal  reduction  at  operational  capability  ia  imposed  on  selection  of  the  secondary  1002  oxygen 
regulator  following  a failure  of  the  prim-try  airmix  regulator  because  the  former  also  provides  automatic 
safety  pressure  and  presaure  breathing,  Safety  pressure  is  required  when  1007.  oxygen  is  selected  in 
order  to  ensure  adequate  protection  of  the  reeplratory  tract  against  toxic  material  in  the  cockpit 
atmosphere.  Thus  tho  secondary  1002  oxygen  ragulator  provides  a fixed  safety  pressure  from  ground  level 
to  40,000  feet  snd  pressure  breathing  above  40,000  feet. 

The  masks  used  vith  the  seat  mounted  system  are  fitted  vfth  conventional  inlet  non  return  and  com- 
pensated outlet  valvea.  Such  a mask  valve  aystem  has  Che  disadvantage  that  a rise  of  pressure  in  tha 
delivery  hose  relative  Co  that  of  tha  cockpit  environment  due  to;  head  movement  causing  hose  pumping, 
overahoot  by  the  regulator,  a task  across  the  demand  valve  of  the  regulator  or  a rapid  decompression, 
produces  excessive  resistance  to  expiration.  Thia  disadvantage  is  overcome  in  the  seat  mounted  regulator 
assembly  by  fitting  a compensated  dump  valve  between  the  outlet  port  of  the  regulator  and  the  cockpit. 

The  datum  preasure  for  thia  dump  valve  is  obtained  from  the  reference  chamber  for  the  breathing  diaphragm 
of  the  regulator  in  use. 

Hie  two  regulators  are  built  into  a single  assembly  which  has  a single  inlec  port  and  a single  out- 
let port.  The  regulator  assembly  is  attached  to  the  forward  surface  of  the  personal  equipment  connector 
(PEC).  The  regulator-PEC  combination  can  be  easily  and  rapidly  removed  from  and  replaced  on  the  aide  of 
the  pan  of  the  ejection  seat. 

3)  Emergency  control 

There  is  a mechanical  link  between  the  emergency  oxygen  control  on  the  front  of  the  seat  pan  and  the 
airmix/1002  oxygen  selector  switch  of  tho  regulator  assembly.  This  link  is  such  that  whenever  the  emer- 
gency control  ia  pulled  to  turn  on  the  emergency  oxygen  supply  the  selector  level  switches  the  oxygen 
aupply  from  the  primary  (airmix)  regulator  to  tha  secondary  (1002  oxygen)  regulator.  Thus,  in  turning  on 
the  emergency  oxygen  supply  the  crew  member  automat ically  selects  the  secondary  regulator,  ie  under 
normal  flight  conditions  pulling  the  emergency  oxygen  control  not  only  turns  on  the  emergency  supply  but 
also  selects  the  secondary  regulator.  Should  the  main  oxygen  supply  be  intact  the  crew  member  will  con- 
tinue to  use  oxygen  frou.  it.  If  however  the  main  supply  has  failed  he  will  suffer  no  interruption  to  his 
oxygen  aupply.  He  will  however  be  aware  that  he  ia  using  ths  emergency  oxygen  supply  by  the  cessation  of 
operation  of  the  flow  indicator  (which  is  contained  in  the  main  supply  line)  and  the  progressive  fall  in 
tha  contanta  of  the  emergency  oxygen  cylinder. 


The  mechanical  linkage  batwaen  the  control  operating  the  emergency  supply  and  the  valve  switching  J 

the  oxygen  supply  (main  and  emergency)  from  the  primary  to  the  secondary  regulator  greatly  simplifiea  the  | 

drills  to  be  carried  out  by  a crew  member  in  the  event  of  an  actual  or  suspected  malfunction  of  his  I 

oxygen  delivery  system.  The  drill  is  the  same  for  ell  malfunction#  namely  check  the  Integrity  of  connec- 
tiona  and  pull  ths  emergency  oxygen  control.  If  the  emergency  oxygen  cylinder  remains  full  then  tha  ertw  j -* 

member  can  continue  ths  sortie  at  altitude.  It  ia  also  possible  for  him  to  reaslect  the  primary  (airmix)  j j 

ragulator  after  operating  ths  emergency  oxygen  control  and  determine  whether  the  primary  regulator  ia  j 1 

■till  performing  correctly.  j j 


The  possibility  of  linking  ths  emergency  oxygen  control  with  the  primary/ secondary  regulator  inlet 
valve  which  markedly  almpllfias  emergency  drills  is  one  of  the  major  advantages  of  mounting  the  regulator 
on  the  ejection  eeat. 
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Suraiar  v 

Absorption,  metabolism  and  excretion  are  the  processes  which  govern  the  growth 
and  decay  of  plasma  concentrations  of  all  drugs,  including  hypnotics. 

Variations  in  plasma  concentrations  lead  to  corresponding  variations  in  effect, 
although  the  exact  detail  of  the  relation  between  level  and  effect  is  more 
complex  than  is  implied  by  this  statement.  Existing  data  on  absorption, 
metabolism  and  excretion  for  the  various  hypnotic  drugs  are  of  variable  detail. 
Total  absorption  of  oral  doses  is  generally  believed  to  occur,  although  when 
systematically  examined,  absorption  has  sometimes  been  found  to  be  incomplete. 
Metabolism  occurs  by  a variety  of  reactions,  but  only  occasionally  to 
pharmooologlcally-ictive  compounds.  Excretion  is  of  both  unchanged  drug  and 
metabolites  in  bile  and  urine.  These  events  and  processes  as  they  relate  to 
hypnotic  drug  actions  are  considered  in  detail  in  this  paper. 


Introduction 


For  an  orally-administered  drug  to  exert  a hypnotic  effect  It  must  first  be  absorbed  from  the 
gastrointestinal  tract.  It  must  then  be  transported  from  the  portal  circulation  to  the  central  nervous 
system,  and  it  must  be  capable  of  penetration  to  its  site  of  action  in  its  target  tissue,  the  brain. 

For  its  effect  to  wear  off  when  no  longer  required,  the  drug  concentration  In  the  Drain  must  fall,  and 
this  will  generally  occur  by  metabolism  and/or  excretion.  The  processes  of  absorption  and  tissue 
distribution  comprise  drug  disposition.  The  processes  of  metabolism  and  excretion  are  important  In  the 
fate  of  the  drug.  Drug  disposition  and  fate  are  conveniently  studied  by  measurement  of  drug  concentrations 
in  body  fluids,  principally  plasma.  The  study  of  drug  concentrations  In  plasma  is  sometimes  termed  the 
science  of  pharmacokinetics  Cl). 


Basic  Pharmacokinetic  Phenomena 


Standard  reference  data  Is  most  readily  obtainable  from  experiments  with  intravenous  doses.  When 
a drug  is  administered  rapidly  by  this  route  (Injection  time  less  than  one  circulation  time)  a number  of 
clearly  definable  pharmacokinetic  phases  appear  to  occur  In  sequence:  (i)  a phase  lasting  less  than  one 
minute  when  the  dose  is  unevenly  distributed  through  the  plasma  volume;  (li)  a phase  of  variable  length 
during  which  distribution  in  the  plasma  is  basically  uniform,  and  during  which  equilibrium  distribution 
into  tissues  of  high  vascularity  such  as  liver,  lungs  and  brain  (in  spite  of  restrictions  imposed  by  the 
blood-brain  barrier)  is  gradually  achieved;  (lii)  a further  phase,  also  of  variable  length,  during  which 
distribution  in  the  plasma  and  tissue  of  high  vascularity  is  at  equilibrium,  and  during  which  distribution 
into  body  areas  of  low  vascularity  such  as  voluntary  muscle  and  fat,  Is  gradually  achieved;  and  (lv)  a 
final  phase  during  which  equilibrium  concentrations  (but  not  necessarily  even  distribution)  liave  been 
reached  throu^iout  the  body.  There  is  obviously  soms  overlap  of  these  phases,  as,  for  example,  the 
relatively  slow  penetration  of  fat  uomsences  as  soon  as  any  molecules  reach  plasma.  However,  generally 
speaking,  these  various  events  affect  drug  concentrations  in  plasma  as  if  they  occurred  sequentially. 
Ignoring  the  initial  phase,  which  has  no  relevance  to  current  usage  of  hypnotic  drugs,  concentrations  of 
drugs  decline  most  rapidly  during  the  second  phase  and  most  slowly  during  the  final  phase.  The  final 
phase  indicates  the  rate  of  release  from  tiasues  for  metabolism  and  excretion  once  equilibrium  has  been 
reached. 


When  intravenous  doses  are  given  relatively  slowly  (e.g.  over  five  minutes)  there  is  an  increased 
degree  of  overlapping  of  the  phcrmacokinetic  phases,  with  the  initial  phase  disappearing  completely.  A 
further  mode  of  intravenous  injection,  infusions,  is  designed  to  balance  exactly  the  declining  concentration 
with  continuous  input. 

Oral  (and  intramuscular ) administration  adds  a new  dimension,  in  that  the  dose  requires  a finite 
time  for  absorption  into  the  blood.  A definable  phase  of  rising  concentration  in  plasma  thus  occurs. 
Absorption  apparently  never  occurs  in  less  than  one  circulation  time,  so  the  initial  phase  seen  following 
intravenous  dosage  disappears.  The  second  and  third  phases  are  commonly  still  evident  following  the  peak 
concentration  (which  Indicates  the  point  beyond  which  absorption  is  of  minimal  importance),  as  absorption 
clearly  must  occur  more  rapidly  than  does  tissue  penetration  (otherwise  the  concentration  in  plasma  might 
never  rise).  Even  so,  when  absorption  occurs  relatively  slowly,  the  second  and  third  phases  recorded 
during  the  Intravenous  study  may  disappear,  leaving  only  a rise  in  concentration  (with  absorption  as  the 
major  influence)  followed  by  a fall  (with  metabolism  and  excretion  as  the  major  Influence). 

Additionally,  oral  doses  (and  intramuscular  doses  more  rarely)  are  subject  to:  (i)  delay  before 
absorption  commences;  and  (il)  Incomplete  absorption.  The  former  will  lead  to  a lag  before  the  rise  in 
concentration  commences.  The  latter  will  lead  to  the  recording  of  a reduced  area  under  the  curve  of  a 
graph  of  concentration  against  time,  compared  with  that  following  an  intravenous  dose. 
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The  moat  Important  pharmacokinetic  measurement  1*  the  time  for  a drug  concentration  to  fall  by  half 
(the  half-life  or  half-time).  It  must  be  appreciated  that  this  time  will  he  relatively  short  if  measured 
in  any  phase  of  a declining  concentration-time  curve  other  than  the  final  one. 

In  considering  individual  examples  in  this  paper  I shall  ignore  the  initial  phase  following 
intravenous  doses.  I shall  refer  to  half-times  during  the  second  and  third  phases  together  as 
pre-equilibrium  half-times.  I shall  refer  to  half-times  during  the  finel  phase  as  elimination  half-times. 
I shall  also  refer  to  absorptive  phases  and  to  areaa  under  the  curve  when  assessing  rates  and  degrees  of 
absorption. 


Pharmacokinetic  Data  for  Various  Actual  or  Potential  Hypnotics 

This  section  should  be  read  in  conjunction  with  an  examination  of  the  data  in  Table  1 (2-15).  These 
data  are  provided  for  reference  purposes,  rather  than  commitmtnt  to  memory.  The  various  compounds  now  lr. 
use,  or  potentially  useful,  as  hypnotics,  have  been  studied  in  various  ways,  although  few  have  been 
adequately  assessed.  For  example,  not  all  have  been  studied  following  intravenous  doses,  and  without  such 
studies,  conclusions  about  half  times  and  absorption  are  inevitably  tentative.  Of  those  compounds  which 
have  been  assessed  following  intravenous  doses,  only  one  (chlordlazepoxlde),  failed  to  show  a pre— equilibrium 
half-time  and  an  elimination  half-time.  In  contrast  with  this,  sophisticated  mathematical  analysis  of 
diazepam  data  following  intravenous  doses  has  apparently  demonstrated  subdivision  of  the  pre-equilibrium 
phase  Into  two  distinct  lesser  phases  (the  second  and  third  phases  discussed  earlier). 

With  so.ne  examples,  it  has  been  claimed  that  a pre-equilihrium  phase  and  an  elimination  phase  are 
detectable  after  the  concentration  peak  following  oral  doses.  While  these  phases  are  undoubtedly  detectable 
at  t^mes,  any  such  claim  must  be  considered  very  carefully,  as  continuing  absorption  can  greatly  distort 
the  falling  phases,  even  though  the  peak  plasma  level  may  have  passed.  This  may  be  the  reason  for  apparent 
discrepancies,  for  example,  that  between  oral  and  intravenous  pentobarbitone. 

Absorption  of  Oral  Doses 

As  implied  earlier,  very  few  hypnotics  have  been  studied  systematically  in  regard  to  their  absorption. 
Systeratlc  study  would  involve  determination  of  mechanisms,  and  quantitative  assessment  by  means  of 
intravenous  and  oral  doses  of  the  rate  and  extent  of  absorption  from  plasma  level  data.  As  regards 
mechanisms,  it  may  be  presumed  that  absorption  occurs  by  diffusion,  down  concentration  gradients  from  the 
gastrointestinal  lumen  to  the  blood,  and  that  active  transport  plays  virtually  no  part.  Absorption  will 
occur  to  some  extent  from  the  stomach,  but  principally  from  the  intestine,  being  influenced  by  the  chemistry 
of  the  drugs  concerned  and  by  a wide  variety  of  non-specific  factors,  including  gastric  emptying  time  and 
surface  areas  available  for  absorption. 

Only  with  diazepam,  chlordlazepoxlde  and  nitrazepam  has  a reasoned  comparison  between  data  following 
Intravenous  and  oral  doaes  has  been  made.  With  diazepam,  the  ratio  of  area  under  the  curve  (oral/i.v.)  ranged 
from  0.901  to  1.205  (mean  1.002).  These  data  indicate  that  oral  doses  of  diazepam  are  completely  absorbed. 

In  contrast,  examination  of  similar  data  for  nitrazepam  revealed  a mean  figure  of  7B  (range  53-94)% 
absorption,  and  for  chlordlazepoxlde  81%  (single  subject). 

Certainly  with  most,  perhaps  with  all  of  the  other  , ompounds  in  Table  1,  It  Is  generally  supposed 
that  the  entire  oral  dose  Is  absorbed,  and  there  is  no  evidence  to  suggest  that  this  supposition  is 
Incorrect  in  any  particular  case.  Nevertheless,  caution  is  necessary,  as  systematic  examination  of 
absorption  often  reveals  anomalies.  This  occurred,  for  instance,  with  chlorpromazine,  which  is  extensively 
metabolized  In  the  Intestinal  wall  (16).  In  particular,  claims  of  full  absorption  based  solely  on  oral  data 
mjst  be  viewed  with  suspicion.  Such  claims  are  often  made  following  a common  abuse  of  pharmacokinetics, 
involving  estimation  of  the  time  at  which  absorption  apparently  ceases,  and  calculation  of  relative 
absorption  at  times  up  to  this  point,  which  inevitably  provides  a 100%  asymptote  in  any  graphing  of  the 
data  obtained. 


Metabolism  and  Excretion 


Metabolic  reactions  of  drugs  are  relatively  uninteresting  unless  they  are  Involved  in  some  way  with 
the  pharmacological  actions  of  the  compounds  in  question.  Generally  speaking,  drug  metabolism,  which 
occurs  principally  in  the  liver,  leads  to  relatively  polar  drug  metabolites.  These  polar  metabolites  are 
more  likely  than  the  parent  drugs  to  be  actively  excreted  in  bile  and  In  the  renal  tubule.  Additionally, 
they  ore  less  likely  to  be  reabsorbed  by  diffusion  in  the  renal  tubule  after  filtration  at  the  glomerulus. 
Thus  drug  metabolism  facilitates  drug  excretion  by  mechanisms  common  to  a wide  variety  of  examples. 

Barbiturates  are  principally  metabolized  by  oxidation  of  the  alkyl  side  chains,  producing  inactive 
compounds. 


(A) 


104 


General  Considerations 


Generally  speaking,  the  time  course  of  onset  and  duration  of  drug  effect  relates  closely  to  the 
disposition  and  fate  of  the  drug  In  question.  There  are,  of  course  variations  In  hurran  sensitivity, 
Influences  fro®  tolerance,  metabolite  phenomena,  and  other  reasons  for  this  general  principle  t.  appear 
to  fail  on  occasions,  but  its  value  as  a rule  of  thumb  Is  undoubted. 

Most  of  the  drugs  used  as  hypnotics  appear  to  show  a two  or  three-phase  plasma  level  pattern  during 
oral  doeoge,  with  a rising  phase  and  one  or  two  phases  of  fall  in  concentration.  These  phases  of  fall 
ha'#  the  pre-equilibrium  and  elimination  half  times  mentioned  earlier.  Induction  and  wear— off  of  depressant 
effects  can  be  presumed  to  occur  at  points  on  either  side  of  the  peak  concentration,  not  necessarily  at 
identical  concentrations  in  each  case,  induction  or  onset  of  effect  will  clearly  occur  on  the  rising 
phase,  and  will  thus  relate  to  degree  and  speed  of  absorption.  In  the  field  of  hypnotics,  there  is  little 
evidence  for  any  dramatic  differences  in  degrees  of  absorption,  but  rates  of  absorption  vary  enormously. 

At  a first  approximation,  the  time  of  the  peak  concentration  assesses  the  moment  tdien  absorption  has 
virtually  ceased.  Naar.  times  recorded  for  this  peak  vary  from  1.1  hours  after  the  dose  (diazepam)  to  6 
hours  after  the  dose  (haptabarbltone) . Within  the  data  for  each  compound,  variation  can  be  as  much  as 
from  2-12  hours  (mean  3 hours)  after  the  dose  (qulnalbarbitone) . Since  Intensity  of  effect  relates  closely 
to  the  overall  level,  and  since  the  height  of  the  peak  is  inversely  related  to  the  time  taken  to  reach  the 
peak,  the  rate  of  absorption  la  also  capable  of  exerting  a dramatic  effect  on  the  overall  level  of  effect. 
Similarly,  ire-equilibrium  and  elimination  half  times  will  both  be  of  Importance  to  the  time  course  of 
drug  action,  and  elimination  half  times  will  also  be  the  most  obviously  useful  indicators  of  rates  of  loss 
of  drugs  fr-  m the  body.  These  half  times  can  also  be  used  to  indicate  levels  of  drug  localization  in 
tissues. 


CVS  ° «*»1 


Fig.  1.  Metabolic  relation  of  varioua  benzodiazepine  drugs.  I,  chlordlazepoxide; 

II,  metabolite  of  I;  III,  demoxepam;  IV , raedazepam;  V,  diazepam)  VI,  clorazepate; 

VII,  N-desmethyldiazepamj  VIII,  oxazepam;  IX,  temazepam. 

It  is  with  wear-off  of  effect  that  difficulties  with  hypnotics  arise,  and  it  should  be  iranediately 
obvious  that  the  wear-off  time  will  be  dramatically  affected  by  the  position  of  the  level  at  which  wear-off 
occurs  on  the  falling  concentration  pattern  i.e.  whether  it  is  on  an  early  rapidly  falling  section  or  a 
later  slowly  falling  section,  on  those  occasions  when  two  phases  occur.  This  is  shown  most  clearly  with 
the  anaesthetic  barbiturate  thiopentone,  which  has  been  given  in  various  doses  to  human  subjects,  arxi  a 
detailed  examination  of  the  data  Is  worthwhile  at  this  point.  The  doses  given  were  0.**,  1,  2,  and  3.8  g. 
The  times  of  regaining  consciousness  were  0.25,  0.5-1,  lf-2i  end  4-6  hours  later  respectively,  the  duration 


of  action  being  disproportionately  long  at  the  higher  doses  (23).  The  rate  of  metabolism  was  the  same  in 
each  case.  Consciousness  was  regained  when  the  blood  concentration  was  about  6 pg/ml.  This  was  reached 
on  the  early  rapidly-falling  phase  at  low  dosest  and  on  the  later  slcwly-falling  phase  at  higher  doses. 

The  disproportionately  long  action  at  high  doses  thus  related  to  the  fact  that  effects  were  still  obtainable 
In  the  post-equilibrium  period  when  decline  was  slow,  after  high  doses.  Thus,  if  a drug  effect  wears  off 
during  the  rapld'y  falling  phase,  it  is  likely  to  be  of  brief  duration,  but  if  It  wears  off  )-\ter,  it  is 
likely  to  be  of  disproportionately  long  duration,  and  low  doses  may  be  of  one  type  while  high  doses  may  be 
of  the  othar.  It  is  of  interest  in  this  regard  that  the  pre-equilibrium  phase  has  been  noticed  as 
persisting  for  2 h with  amylobarbitone,  3 h with  pentobarbitone,  and  as  much  as  12  h with  diazepam. 

It  is  probably  true  that  a good  hypnotic  will  have  rapid  onset  of  effect,  and  slow  and/or  irregular 
absorption  (e.g.  longer  than  2 hours  to  the  peak)  will  be  a disadvantage.  Another  requirement  is  complete 
wear-off  of  effect  within  8 hours  of  induction  of  sleep.  The  exact  requirements  will  of  course  depend  on 
the  raaoous  for  the  sleep  disorder,  but  s drug  with,  particularly,  any  residual  effect  on  waking  will  La  a 
bad  hypnotic.  In  fact,  most  hypnotics  actually  come  into  this  latter  category.  Thus  anylobarbltone, 
nitrazepam,  and  flurazepam  have  been  shown  to  cause  specific  impairment  of  function  during  the  days 
following  single  nightly  doses  (24,  26).  Of  these  compounds,  nitrazepam  and  anrylobarbitone  have  long 
second  phase  half-times,  and  the  persistence  of  effect  is  hot  surprising  in  view  of  earlier  corarents  on 
concentrations  in  plasma.  However,  heptabarbitone  and  methaqualone  have  been  found  to  be  devoid  of  residual 
effects,  in  spites  of  half-times  which  will  still  leave  a considerable  residue  In  the  body  at  8 hours  (see 
Nicholson,  A.  N.,  these  proceedings).  It  may  be  that  these  compounds,  unlike  nitrazepam  and  flurazepam,  are 
sufficiently  potent  as  hypnotics  for  onset  and  wear-off  of  effect  to  occur  with!  i the  rising  and  rapid-^all 
phases,  while  they  are  devoid  of  potency  in  the  small  amounts  persisting  in  the  slow-fall  phase.  Conceivably, 
they  might  cause  residual  impairment  if  doses  larger  than  necessary  were  to  be  given  for  a hypnotic  effect. 
Quite  obviously,  much  more  work  relating  impairment  of  function  to  pharmacokinetic  factors  is  required. 

Although  the  benzodiazepines  have  been  extensively  investigated  as  hypnotics,  and  their  potential  and 
known  advantages  are  obvious,  little  attention  hac  been  paid  to  tha  prototype  compound  in  this  series, 
diazepam,  as  a hypnotic.  This  may  have  resulted  from  the  quite  early  discovery  of  its  long  half-time. 
However,  small  doses  of  diazepam  do  have  hypnotic  action,  and  this  is  quite  possibly  exerted  at  doses 
leading  to  no  residual  effects.  In  our  department,  we  recently  tested  diazepam  as  a hypnotic  in  11  anxious 
medical  students.  In  a double  blind  comparison  of  diazepam  (10  mg,  one  hour  before  retiring)  and  placebo, 
it  was  shown  that  the  diazepam  group  experienced  significantly  superior  sleep,  with  no  residual  effects, 
and  alleviation  of  anxiety  during  the  day  following.  It  has  already  been  shown  that  the  metabolite  of 
diazepam,  N-desmethyldiazepam,  which  has  minimal  sedative  properties,  is  superior  to  diazepam  as  an 
anxiolytic.  Since  diazepam  (10  mg)  improves  sleep  without  causing  residual  effects,  it  would  appear  that 
diazepam  in  this  dosage  exerts  a hypnotic  effect  which  wears  off  on  the  rapidly  falling  concentration  phase, 
at  an  early  stage  (even  though  this  phase  persists  for  as  much  as  12  hours),  while  producing  its  anxiolytic 
metabolite  for  exertion  of  a psychomotor  effect  during  day  time.  As  3Uch,  it  may  be  the  best  hypnotic  of 
all  fez  both  anxious  and  non-onxlous  patients,  (26). 

I have  not  thus  far  referred  to  multiple  dosing.  Ideally,  the  use  of  hypnotic  drugs  would  be 
considered  as  a series  of  single  doses,  such  that  the  dose  each  evening  was  given  to  the  patient  in  a 
baseline  situation  as  far  as  his  pharmacological  features  were  concerned.  However,  as  shown  by  the  data 
already  discussed,  the  previous  night's  dose  is  unlikely  to  be  totally  removed  from  the  body  before  bedtime 
the  next  night.  With  fixed  dosing,  the  concentration  in  the  body  will  then  build  up  and  although  homeostatic 
influences  will  ensure  that  some  form  of  pseudo-steady-state  will  eventually  be  reached,  and  although  enzyme 
induction  may  actually  reduce  the  drug  concentrations  below  the  predicted  level,  there  will  still  be  a 
persisting  residue,  day  and  night,  during  multiple  dosing,  at  a level  higher  than  that  persisting  in  the 
body  in  the  day  following  a single  acute  dose.  If  this  higher  level  is  above  the  threshold  level  for  a 
particular  pharmacological  effect,  then  this  effect  will  occur,  night  and  day,  in  a way  not  observable  after 
single  doses,  it  is  considerations  of  this  type  that  make  phenobarbitone,with  its  relatively  low  lipid 
solubility,  slow  absorption,  slow  penetration  of  the  blood  brain  barrier,  and  long  half-time,  unsuitable  as 
a hypnotic,  although*  of  course,  some  prescribers  consider  that  its  day  and  night  sedative  properties  are 
of  value  in  their  own  right  (1,  6). 


Conclusion 


Although  much  la  now  known  of  the  absorption,  metabolism  and  excretion  of  hypnotic  drugs,  and 
sophisticated  methods  new  exist  for  evaluation  of  hypnotic  effect,  the  relation  between  pharmacokinetic 
factors  and  effect  is  still  far  from  clear. 
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RESIDUAL  EFFECTS  OF  HYPNOTICS 
A.N » Nicholson 

Royal  Air  Fore©  Institute  of  Aviation  Medicine 
Farnborough,  Han^ishire,  United  Kingdom. 

INTRODUCTION 

Many  studies  have  investigated  thj  effectiveness  of  hypnotics  and  the  changes  which  they  induce  in  sleep 
patterns,  but  lass  Is  known  about  li.jir  residual  affects  on  performance.  Von  Felslnger,  Laaagna  & Beecher 
(1953)  observed  impaired  perf..  r me©  on  tests  of  vlauol  perception,  attention  and  computation  up  to  Bh 
after  pentobarbitone  sodium  \100  mg)  and  Kornetsky,  Vatea  & Kessler  (1959)  reported  deficits  on  digit 
symbol  substitution  and  symbol  copying  around  14-15h  -fter  q ulna Lbarbl tone  sodium  (200  mg).  More  recently, 
behavioural  itqpairmcnts  have  been  detected  to  13h  after  anrylobarbitone  sodium  (100  mg)  (MaLpas,  Rowan, 

Joyce  a Scott,  1970)  and  to  I2h  after  butobarbi tone  sodium  (100  mg)  (Bond  ft  Lader,  1972), 

Tests  vhich  involve  motor  skill  may  be  more  sensitive  than  tests  of  cognition  to  the  residual  effects 
of  a barbit  .rate  (Bond  & Lader,  1972).  in  this  context  McKensie  ft  Elliott  (1965)  observed  performance 
decrements  on  a visual  pursuit  tracking  task  22h  after  secobarbitone  sodiun  (200  rog) , though  no  changes 
were  detected  after  100  mg  of  the  drug  (Hartman  h McKensie,  1966).  The  residual  effects  of  hypnotics 
after  their  therapeutic  purpose  has  *een  fulfilled  need  caraful  consideration,  particularly  if  they  are 
given  to  persons  involved  in  skilled  activity.  We  have  studied  this  problem  using  the  technique  of  adaptive 
tracking  which  demands  a high  level  of  skill  acquired  only  by  considerable  practice. 

METHODS 

Measurement  of  performance 

Performance  wau  measured  usxng  an  adaptive  tracking  task.  The  task  required  the  subject  to  poaition 
a spot  inside  a randomly  moving  circle  displayed  on  an  orci lloscope . The  movement  of  the  spot  was  controlled 
by  a hand  held  stick.  An  error  sigr.,1,  proportional  to  the  distance  between  the  spot  and  the  centre  of  the 
circle,  controlled  the  difficulty  of  the  task  by  modulating  the  mean  amplitude  of  the  movement  of  the  circle. 
This  technique  provided  the  adaptive  component  of  the  task  which  maintained  optimum  performance  of  the 
operutor. 

The  movement  of  the  circle  on  the  oscilloscope  was  produced  by  two  Independent  maximum  length  binary 
sequences.  Low  pass  filtering  smoothed  the  c tput  of  the  binary  sequences  and  the  movement  of  the  circle 
was  statistically  random*  Inc„poncent  x and  y signals  derived  from  high  grade  potnetloroeters  mounted  on 
the  control  stick  were  fed  via  an  ’aerodynamic  loop'  to  the  Inputs  of  the  oscilloscope.  The  loop  avoided 
an  artificial  one  to  one  relation  between  the  control  stick  and  spot  *»ovement  and  smoothed  out  any  small 
steps  caused  by  the  potentiometer  windings. 

Tho  oscilloscope  (Airtaec  383)  had  a sitrotion  free,  medium  persistence  tube  and  displayed  the  task  over 
an  area  of  20  x 20  cm.  It  was  modified  by  the  addition  of  x axis  bean  switching  and  allowed  two  independent 
signals  to  be  displayed  in  each  axis.  A voltage  proportional  to  die  distance  between  the  spot  and  the 
centre  of  the  target  circle  was  measured  and  the  ra*Ual  error  signal  computed,  A voltage  proportional  to 
the  square  of  the  circle  radius  was  -ubtracted  from  the  square  of  the  radial  error  signal.  The  output  from 
the  scoring  circuit  was  fed  to  a voi .age  integrator  and  the  output  of  the  integrator,  scaled  from  0-10, 
controlled  the  mean  amplitude  of  the  task. 

At  the  start  of  each  experiment  the  output  from  the  integrator  was  set  at  zero  and  the  circle  was 
stationary.  The  subject  positioned  the  spot  inside  the  circle  and  the  negative  error  signal  made  the 
integrator  output  increase.  The  circle  tended  to  move  away  from  the  spot  and,  when  the  spot  could  no  longer 
be  maintained  inside  the  target  circle  due  to  the  increasing  difficulty  of  the  task,  the  polarity  of  the 
voltage  to  the  integrator  reversed  and  the  task  became  less  demanding.  The  integrator  had  a long  time 
constant  which  allowed  each  aubject  to  'warm  up*  gradually. 

With  zero  error  the  task  required  about  25s  to  reach  maximum  difficulty.  A constant  displacement  between 
the  spot  and  the  centre  of  the  circle  of  4 cm  would  reduce  the  task  to  zero  difficulty  within  6s.  As  the 
subjects  became  aware  of  the  penalty  of  error  signals  they  tried  to  avoid  all  errors,  but  the  task  did  not 
permit  a performance  level  of  lo  to  be  -cached. 

An  eight  channel  pen  recorder  monitored  the  equipment  and  the  performance  of  each  ibject.  The  position 

of  circle,  spot  and  radial  error  signal  were  recorded  for  each  axis  together  with  the  output  from  the  task 

integrator.  Each  tracking  run  lasted  10  min  and  the  subjects  reached  a plateau  level  of  performance  within 
the  first  lOOs  of  each  run.  The  mean  amplitude  of  the  task  over  the  final  SOOs  was  computed  using  a voltage 
to  frequency  convertor  and  digital  counter.  The  subjects  were  infromed  that  this  time  interval  only  was  used 

in  the  assessment  of  their  performance,  but  they  were  unaware  whan  this  period  of  time  commenced. 

Subjective  assessment  of  performance 

Each  aubject  was  presented  after  each  task  with  a line  loo  mm  in  length.  The  question  'What  standard  of 
performance  did  you  reach'  was  asked  and  the  subject  made  the  assessment  by  crossing  the  line  with  a pencil 
between  the  extremes  of  Zero  and  Perfect.  The  assessment  was  quantified  by  measuring-  in  millimetres  the 
displacement  of  the  mark  from  the  Zero  extremity. 
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Experimental  procedure 

Healthy  mala  volunteers  were  used,  instructions  were  given  to  all  subjects  to  avoid  alcohol  and  they 
were  not  involved  in  any  other  form  of  therapy,  There  were  no  restrictions  on  the  consumption  of  non- 
alcoholic beverages.  The  experiments  were  carried  out  In  a sound  attenuated  and  air-conditioned  room. 

The  siijjecta  w urn  reouired  to  rach  a plateau  level  of  performance  on  the  task  before  studies  commenced. 
In  subjects  familiar  with  this  technique,  such  as  pilots,  thle  level  of  performance  would  be  reached  within 
about  five  days,  but  with  laboratory  personnel  a plateau  level  of  performance  was  usually  reached  with 
daily  practice  after  2-3  weeks.  Training  sessions  were  made  available  during  the  preceding  week  of  each 
experiment  to  maintain  levels  of  performance  which  had  been  reached  during  initial  training. 

Assessment  of  the  effect  of  placebo  or  each  drug  was  carried  out  over  3 days.  On  day  1,  before  the 
ingestion  of  placebo  or  drug,  four  assessments  of  performance  were  made  at  0900,  1200,  1500  and  lSOOh. 

The  capsule  (placebo  or  drug/  was  given  at  2300h  the  same  evening  and  the  subject  elept  at  homo.  The 
subjects  attended  the  laboratory  on  day  1 at  0H3oh,  but  were  brought  to  the  laboratory  on  day  2 between 

QBOOfi  and  0B30h.  On  day  2 perofrmance  was  measured  st  the  same  time  as  on  day  1,  l.a.  at  09O0h  ( + 10), 

1200  ( + 13),  1500  (+  16)  and  1600  (♦  19h  after  ingestion  of  placebo  or  drug).  On  day  3 performance  wan 
measured  at  09O0h  (+  39h)  only. 

RESULTS 

The  detailed  results  of  a scries  of  investigations  are  given  elsewhere  (Borland  a Nicholson,  1974, 

1975  aab,  Borland,  Nicholson  & Wright,  1975),  but  a summary  of  the  studies  is  of  value. 

Barbiturates.  Decrements  in  performance  wore  observed  at  the  lOh  interval  after  200  mg,  at  the  loh  and 

13h  intervals  after  300  mg  and  at  the  loh,  13h,  16h  and  19h  intervals  after  900  mg  of  heptabarbitene. 
Decrements  In  performance  at  each  interval  and  the  persistence  cf  the  effects  were  dose  related.  Similar 
results  to  the  400  mg  dose  of  heptabarbitone  were  obtained  with  the  200  mg  dose  of  heptabarbitone  sodium. 
Subjective  assessments  of  performance  correlated  with  measured  performance,  but  the  subjects,  as  a group, 
over-estimated  their  performance  after  placebo  and  heptabarbitone.  With  heptabarbitone  (900  mg)  highly 
significant  decrements  In  performance  persisted  to  the  19h  interval  after  Ingestion,  but  subjective 
assessments  of  performance  to  the  19h  interval  did  not  differ  significantly  from  subjective  assessments 
of  control  activity  of  the  day  before. 

Benzodiazepines . Inpalred  performance  was  observed  at  lOh,  13h,  16h  and  l9h  after  nitrazepam  (10  mg)  and 
at  lOh , 13h,  16h  after  flurazepam  hydrochloride  (30  mg).  Increased  reaction  time  persisted  to  16h  after 
nitrazepam  and  lfurazepeun  hydrochloride.  During  ttie  morning  immediately  after  Ingestion,  the  subjects  as 
a group  were  able  to  differentiate  correctly  between  placebo  and  drugs,  but  they  were  not  able  to  assess 
accurately  the  persistence  of  the  residual  effects  of  nitrazepam.  Flurazepam  hydrochloride  would  appear 
to  be  a more  promising  benzodiazepine  than  nitrazepam  for  use  as  an  hypnotic  by  persons  involved  in 
skilled  activity.  There  was  a rapid  recovery  of  performance  during  the  afternoon  and,  unlike  nitrazepam, 
subjects  retained  the  ability  to  recognize  impaired  skill. 

With  diazepam  (10  mg)  decrements  in  performance  on  adaptive  tracking  were  observed  only  at  0.5h  and 
2.5h  after  morning  ingestion.  Reaction  time  was  slowed  at  0.5h  md  2.5h  after  diazepam,  me  subjects 
as  a group  differentiated  correctly  between  performance  decrements  on  adaptive  tracking  and  the 
persistence  of  the  decrement  in  performance  was  accurately  assessed.  However,  these  studies  were  carried 
out  or.  morning  ingestion  and  the  possibility  does  arise  that  overnight  ingestion  of  diazepam  may  still 
give  rise  to  residual  effects. 

Methaqualone  hydroch)  .ride  (900  mg)  . There  was  no  evidence  of  iupalred  performance  on  adaptive  tracking 
from  10h  to  19h  after  overnight  ingestion.  With  reaction  time  there  was  an  increase  at  loh. 

DISCUSSION 

These  studies  suggest  that  the  residual  effects  of  hypnotics  on  performance  vary  considerably.  It 
would  appear  that  the  benzodiazepines,  nitrazepam  (lO  mg)  and  flurazepam  hydrochloride  (30  mg)  have  residual 
effects  comparable  to  those  of  heptabarbitone  (900  mg)  and  pentobarbitone  (200  mg)  , and  in  this  respect  do 
not  offer  an  advantage  over  the  barbiturates.  Hethaqualone  hydrochloride  (900  mg!  and  diazepam  (10  mg) 
may  prove  to  be  of  value  as  an  hypnotic  for  persons  involved  in  skilled  activity,  but  more  Information  is 
required  on  the  effectiveness  of  these  drugs  as  hypnotics.  It  is,  however,  likely  that  diaxepaun  or  a 
closely  related  drug  will  prove  to  be  of  particular  value  in  the  context  of  this  work.  Current  studies  on 
the  effectiveness  of  diazepam  and  various  derivatives  on  sleep  in  man  are  being  published  in  the  British 
Journal  of  Clinical  Pharmacology  (Nicholson,  Stone,  Clarke  & Ferres,  1976,  Nicholson,  Stone  l Clarke,  1976, 
Nicholson  t Stone,  1976,  In  pre9S). 
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